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ABSTRACT 


Evaluation  of  the  reliability  of  automatic  seat  belt  restraint  systems  on  the 
1975-80  Volkswagen  Rabbit,  1980  Chevrolet  Chevette,  and  some  1980  Toyota 
Coronas  is  presented.  The  reliability  of  manual  seat  belt  systems  employed  on 
these  vehicles  is  also  evaluated  for  comparison.  Effects  of  system  age  and 
use,  determined  by  acquisition  and  experimental  testing  of  new  and  used 
systems,  (from  4 geographic  areas)  with  known  user  histories,  is  also 
reported.  A comprehensive  statistical  model  for  seat  belt  reliability 
evaluation  using  data  obtained  through  experimental  testing  and  vehicle  FMVSS 
compliance  testing  is  presented.  User  reports  of  restraint  system 
difficulties,  obtained  in  contacts  with  over  1500  users,  are  tabled,  and 
recommendations  for  further  research  offered. 
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1.0 


INTRODUCTION  AND  SUMMARY 


This  is  the  final  report  in  Failure  Analysis  Associates'  performance 
of  services  specified  in  NHTSA  Contract  No.  DTNH22-80-C-07609 
"Reliability  Study  of  Automatic  and  Manual  Restraint  Systems."  It 
summarizes  all  effort,  findings,  conclusions,  and  recommendations 
evolved  during  the  course  of  this  program. 


1.1  BACKGROUND 

The  purpose  of  this  program  was  to  analyze  the  reliability  of  three 
existing  automatic  belt  systems  and  consider,  as  was  possible,  the 
effects  of  various  degrees  of  restraint  readiness.  The  degree  of 
restraint  readiness  can  be  generally  defined  as  the  extent  to  which 
the  restraint  is  available  for  use  by  the  vehicle  occupant. 
Readiness  is  decreased  by  factors  which  reduce  usage  even  though  the 
system  could  provide  restraint  during  a collision  if  used,  such  as 
twisted  belts  or  sticky  retractors. 

Federal  Motor  Vehicle  Safety  Standard  No.  208,  in  effect  at  the  time 
of  this  contract  award,  required  that  automatic  restraint  systems  be 
installed  in  all  1982  model  year  full-sized  passenger  cars,  and  for 
the  1984  model  year,  all  passenger  cars.  The  two  most  investigated 
means  of  automatic  restraint  under  field  evaluation  by  automobile 
manufacturers  are  impact  activated  air  cushions  (air  bags)  and 
automatic  seat  belt  systems. 
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Three  vehicle  manufacturers  have  offered  automatic  belt  systems  as 
options  in  certain  models  prior  to  the  1982  mandatory  date;  the  1975- 
80  model  year  Volkswagen  Rabbit,  the  1980  model  year  Chevrolet 
Chevette,  and  a very  limited  edition  of  the  1980  model  year  Toyota 
Corona. 

Each  system  has  somewhat  different  design  features.  The  Rabbit 
system  utilizes  an  upper  torso  webbing  restraint  and  a knee  bolster 
pelvic  restraint.  The  Chevette  system,  on  the  other  hand,  employs 
both  torso  and  pelvic  webbing. 

The  unique  system  is  the  Corona  automatic  torso  webbing,  manual 
pelvic  webbing  restraint.  The  uniqueness  stems  from  an  electric 
motor  driven  rack  and  gear  drive  system  which  moves  the  torso  webbing 
attachment  along  a guide  rail  above  the  door.  These  systems  are 

discussed  in  detail  in  Section  4.0  of  this  report. 

1.2  OBJECTIVES 

Specific  objectives,  which  were  set  forth  at  the  outset  of  the 
project,  are  listed  below.  They  follow  logically  from  the  global 
program  goal  of  analyzing  the  reliability  of  the  three  systems 
previously  described.  The  degree  of  completion  of  these  objectives 
was  obviously  affected  by  cooperation  of  manufacturers,  vehicle 
owners,  and  the  constraints  associated  with  vehicle  owner  contact. 

1.  Evaluate  reliability  models  for  application  to  automatic  and 
manual  seat  belt  systems. 
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2.  Review  sampling  strategies  for  those  which  reduce  testing  a 
specific  restraint  system  to  as  few  sample  systems  as  possible. 

3.  Quantify  reliability  and  confidence  levels,  if  possible,  of  the 
three  available  automatic  seat  belt  systems. 

4.  Compare  reliability  levels  of  existing  manual  and  automatic  seat 
belt  systems. 

5.  Evaluate  the  degree  of  belt  system  degradation  with  use. 

6.  Determine  achievable  reliability,  and  estimate,  if  possible,  the 
cost  impact  based  of  recommended  improvements  in  restraint 
system  components. 

7.  To  the  extent  possible  develop  guidelines  for  establishing 
reliability  requirements  for  automatic  belt  systems. 

8.  Estimate  the  degree  of  restraint  readiness  of  examined  automatic 
and  manual  seat  belt  systems. 

1.3  CONCLUSIONS  AND  SUMMARY 

1.3.1  CONCLUSIONS 

The  conclusions  drawn  from  the  project  are  summarized  below. 

1.  Table  1.1  shows  a summary  of  the  calculated  belt  system 
reliabilities,  for  both  manual  and  automatic  systems,  in 
the  new  and  five  (5)  year  old  condition.  Details  of 
testing  and  results  are  discussed  in  Sections  4.2  and  4.3 
and  the  reliability  analysis  is  presented  in  Section  5. 


The  estimated  seat  belt  system  reliabilities  depended 
primarily  on  two  factors:  (1)  load  strengths  of  new  and 
used  components  compared  to  load  imparted  during  vehicle 
frontal  impact  testing  at  approximately  30  mph  and,  (2) 
retractor  acceleration/engagement  testing  of  new  and  used 
components  and  subsequent  webbing  extension  when  subjected 
to  a .7g  acceleration.  This  acceleration  level  was  chosen 
since  FMVSS  No.  208  test  data  do  not  present  retractor 
acceleration  information  and  FMVSS  No.  209  requires 

retractor  engagement  with  a maximum  one  inch  webbing 
extension  when  subjected  to  0.7g's.  In  general  the  seat 
belt  system  reliabilities  are  dominated  by  webbing 
extension  upon  retractor  acceleration. 

2.  Inclusion  of  the  manual  lap  belt  with  the  automatic 
shoulder  belt  for  the  Toyota  Corona  increases  the 
calculated  seat  belt  system  reliability  by  two  orders  of 
magnitude. 

The  Toyota  Corona  electric  motor  driven  automatic  shoulder 
belt  system  is  complimented  by  a manual  lap  belt  system. 
Due  to  the  component  strengths  and  retractor  extensions 
established  for  Toyota  manual  components  and  an  assumed 
redundancy  in  restraint  of  two  independent 

retractor/webbi ng/buckl e systems  greatly  enhanced  the 
calculated  system  reliability  (see  Table  1.1).  These 

estimates  assume  that  the  Toyota  electric  motor  drive 
system  does  not  affect  belt  system  reliability  and  that 
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failure  of  each  independent  system  (lap  and  shoulder)  is 
necessary  to  not  restrain  an  occupant. 

3.  Retractors  and  buckles  show  trends  in  degradation  of 
strength  from  usage  while  webbing  exhibits  trends  in 
degradation  of  strength  from  aging  independent  of  usage. 

By  examining  load  strength  data  for  various  belt  systems 
where  used  dri ver/passenger  pairs  were  obtained,  it  was 
possible  to  estimate  differences  between  usage  and  age 
independently  assuming  the  driver's  side  belt  system  is 
used  more  frequently.  However,  sparsity  of  data  and  lack 
of  manufacturer  supplied  design  and  test  information 
produced  erratic  variances.  This  precluded  quantifying 
the  expected  reduction  due  to  age  and  wear  of  seat  belt 
system  reliability.  In  addition,  lot  quality,  possible 
material  changes,  or  design  changes  may  be  sufficient  to 
affect  or  reverse  the  trends  in  load  strength  reduction  as 
described  in  Section  5.4. 

4,  Sparsity  of  data  and  assumptions  necessary  for  reliability 
estimates  inhibit  a realistic  quantitative  comparison  of 
seat  belt  system  reliability  between  manufacturers. 

The  distribution  of  seat  belts  accessible  for  testing  by 
location  and  model  year  were  not  the  same  for  all 
manufacturers.  Therefore,  comparisons  of  reliabilities 
estimated  from  this  population  may  be  invalid.  Also  since 
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pre-1979  Toyota  Corona  retractor/webbing  extension  data 
were  not  obtained,  an  average  of  V W Rabbit  and  Chevrolet 
Chevette  retractor/webbing  extension  characteri sties  was 
used  to  estimate  the  reliability  of  Toyota  Corona  manual 
belt  systems. 

These  manual  belt  systems  incorporate  a remote  switch 
mounted  in  the  vehicle  body  to  sense  changes  in  vehicle 
acceleration.  The  retractor  locking  mechanism  is 
activated  by  a solenoid  contained  within  the  retractor. 
These  systems,  therefore,  did  not  undergo  laboratory 
acceleration/engagement  testing  designed  to  analyze  latch 
effectiveness  by  accelerating  the  retractor  itself. 

5.  The  hardware  identification  program  reached  a 27%  section 
of  5805  original  owners  of  selected  vehicle  models  in  four 
geographical  areas.  The  information  obtained  from  the 


hardware  identification 

program  can 

not,  with 

any 

reasonable  degree  of 

confidence,  be 

uti 1 i zed 

for 

reliability  analyses 

or  statistical 

evaluation 

of 

restraint  readiness  since  the  program  was  not  intended  as 
a population  survey.  Nevertheless  the  results  of  that 
program  can  be  stated  as  follows: 


° 76  to  85  percent  of  those  owners  reached  reportedly 

used  their  seat  belt  systems  often. 
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• Among  those  who  reportedly  used  their  belts  often 
approximately  five  (5)  percent  reported  apparent 
failures  of  seat  belt  system  components. 

• Among  those  contacted  who  used  their  belt  systems 
often,  approximately  thirty-four  (34)  percent 
reported  problems  relating  to  reliability  and/or 
restraint  readiness. 

• A comparison  of  manufacturers  concerning  reliability 
or  restraint  readiness  problems  identified  during  the 
hardware  identification  was  not  performed  with  the 
data  obtained  from  this  population  due  to  the  nature 
of  the  sample. 

• In  the  case  of  VW  Rabbits  the  data  show  that 

automatic  belt  systems  with  components  equivalent  to, 
but  fewer  in  number  (i.e.,  no  lap  belt)  than  manual 
belt  systems  generate  fewer  reported  problems  and 
failures  per  user. 

1.3.2  SUMMARY  OF  METHOD 

Figure  1.1  shows  the  method  of  approach  used  to  quantify  the 
reliability  of  manual  and  automatic  seat  belt  systems. The  key 
to  program  execution  was  the  location  and  procurement  of  used 
seat  belt  systems  with  known  service  histories.  Since  the 

reliability  of  seat  belt  systems  as  a function  of  age  and 

usage  was  desired  with  an  emphasis  on  automatic  systems,  it 

was  necessary  to  procure  used  systems  to  make  this  evaluation. 
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Identification  and  procurement  of  such  systems  was 
accomplished  by: 

1.  Computer  analysis  of  vehicle  registration  maintained  by 
R.L.  Polk  to  find  names  and  addresses  of  owners  who 
purchased  new  and  still  owned  their  vehicles. 

2.  Telephone  contact  by  FAA  engineering  personnel  to  find 
seat  belt  systems  that  were  being  used  and  might  possibly 
have  problems  (this  effort  was  not  intended  to  be  a 
population  survey,  and  was  not  conducted  in  that  manner). 

3.  Secondary  contact  by  FAA  personnel  for  owner  cooperation 
in  used  system  replacement. 

4.  Owner  participation  in  visiting  local  dealerships  for  belt 
system  replacement. 

Step  4 of  this  process  was  primarily  limited  to  owners  whose 
seat  belt  systems  were  malfunctioning  since  only  two  owners  of 
some  200  contacted,  whose  seat  belts  were  without  apparent 
problems,  would  voluntarily  cooperate.  Out  of  434  users  who 
reported  some  problem  with  their  vehicle's  restraint  system, 
41  systems  taken  from  26  vehicles  were  acquired  and  tested. 
Budgetary  constraints  were  prohibitive  for  remuneration  of 
owners  as  an  incentive  to  participate  which  would  be  required 
to  obtain  a scientifically  selected  survey  sample.  Thus 
systems  tested  totalled  43.  Therefore,  the  sample  was  reduced 
to  basically  systems  with  obvious  degradation  or  failures. 

In  addition,  since  the  hardware  identification  program 
(telephone  contact  of  owners)  was  not  a designed  survey  the 
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information  gained  which  relates  to  restraint  readiness  should 
not  be  incorporated  directly  into  reliability  or  restraint 
readiness  statistical  analyses.  Therefore,  the  restraint 
readiness  data  are  presented  in  summary  percentage  form  in 
Section  5.6. 

FAA  requested  assistance  from  the  three  manufacturers, 
Volkswagen,  General  Motors,  and  Toyota,  however  none  was 
given.  Therefore,  information  necessary  for  reliability 
analysis  such  as  system  design  loads,  system  design  changes, 
materials  changes,  service  loads,  and  frictional  factors,  were 
approximated  or  assumed  from  best  engineering  judgements  by 
FAA.  Details  of  those  assumptions  are  addressed  where 
applicable  throughout  the  report. 

To  develop  the  best  standards  for  automatic  restraint  systems 
an  optimum  seat  belt  system  performance  criteria  would  be 
extremely  helpful,  especially  one  that  considered  and  cost 
impact5  consi deratons.  Without  manufacturer  input,  however, 
approximations  of  cost  impact  of  system  design  changes  would 
not  have  sufficient  accuracy.  In  addition,  development  of 
true  optimum  performance  criteria  might  require  proprietary 
information  in  addition  to  reliable  statistical  information. 
A discussion  of  the  considerations  and  procedures  for 
determining  optimum  performance  criteria  is  included  in 
Section  2.2. 

Component  strength  testing  was  accomplished  for  new  and 
degraded  components,  and  is  presented  in  Section  4.2.  This 
strength  testing,  in  conjunction  with  retractor  acceleration 
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engagement  testing,  and  the  webbing  loads  recorded  in  certain 
FMVSS  No.  208  tests,  are  used  in  the  reliability  analysis  of 
manual  and  automatic  belt  systems.  Based  upon  the  previously 
discussed  technical  constraints  associated  with  these 
analyses.  FAA  considers  these  reliability  analyses  to  be  the 
best  estimates  obtainable  from  the  data. 

Recommendations  are  presented  in  section  6.0  to  address  the 
requirements  for  a more  accurate  reliability  analysis.  In 
addition,  since  the  reliability  analysis  conducted  herein 
identifies  the  retractor  mechanism  as  the  component  having  the 
greatest  impact  on  seat  belt  system  reliability,  an 
engineering  design  analysis  of  retractors  is  recommended  prior 
to  any  changes  in  current  regulatory  standards. 


tclilUU. 

Analysis 

Associates 


Figure  1.1  - Flow  Chart  Showing  the  Interaction  of  Data  Collection 
and  Analysis  Method  for  Determining  System  and 
Component  Reliability. 
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TABLE  1.1 


Estimated  Seat  Belt  System  Reliabilities 
for  29.4  mph  Vehicle  Frontal  Impact 
and  0.7g  Retractor  Acceleration 
(Based  on  results  from  43  systems  tested) 


Seat  Belt  System 

Vehicl e/Bel t 
System  Age 
( Years) 

Estimated 
Rel iabi  1 it} 

Toyota  Corona 

New 

.995 

Manual  System  Pre-1979 

5 

.984 

Toyota  Corona 

New 

.995 

Automatic  Shoulder  Belt 

5 

.995 

Toyota  Corona 

New 

.9999+ 

Automatic  Shoulder  Belt 

5 

.9999+ 

w/Manual  Lap  Belt 

Volkswagen  Rabbit 

New 

.99 

Manual  System 

5 

.99 

Volkswagen  Rabbit 

New 

.99 

Automatic  System 

5 

.99 

Chevrolet  Chevette 

New 

.997 

Manual  System 

5 

.997 

Chevrolet  Chevette 

New 

.997 

Automatic  System 

5 

.997 

* Best  estimate  based  on  available  data.  See  Section  5 for 
discussion  of  reliability  analysis. 


detai 1 ed 
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2.0 


PROGRAM  SUMMARY 


The  program  was  divided  into  four  tasks  that  combined  review  of 
existing  literature,  acquisition  of  actual  used  systems,  experimental 
evaluation  of  new  and  used  systems,  and  analysis  to  produce  the  final 
reliability  estimate. 

2.1  TASK  1 - WORK  PLAN  AND  METHODOLOGY 

The  initial  thirty  (30)  day  program  effort  was  dedicated  to 
refinement  of  the  program  method  and  developing  the  work  plan. 
Discussions  between  FAA  and  the  NHTSA  technical  manager  resulted  in 
modifications  to  the  scope  of  work  as  defined  in  the  original 
proposal  (FAA-P-80-8-1 ) . 

The  agreed  upon  work  plan  called  for  review  of  existing  literature, 
combined  experimental  and  analytical  effort. 

The  reliability  model  selected  combined  data  from  restraint  systems 
with  (1)  Obviously  failed  components  identified  during  the  hardware 
identification  program;  (2)  experimental ly  determined  reduction  in 
strength  due  to  age  and  use  of  various  components;  (3)  component 
loads  upon  vehicle  frontal  collisions  at  approximately  30  mph,  taken 
from  FMVSS  No.  208  test  data;  (4)  experimentally  determined 
retractor  acceleration/engagement  data  and;  (5)  manual  and  automatic 
belt  system  definitions.  The  required  data  is  gathered  in  tasks  2 
and  3,  and  the  model  is  then  exercised  as  task  4. 

In  addition,  restraint  readiness  is  presented  in  percent  summary  form 
with  the  results  of  the  hardware  identification  program  and  subject 
belt  system  inspection. 
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2.2 


TASK  2 - LITERATURE  REVIEW  AND  HARDWARE  IDENTIFICATION  PROGRAM 


This  task  involved  collecting  existing  analysis  and  data  required  to 
execute  the  reliability  analysis.  In  addition,  review  of  existing 
performance  criteria  for  restraint  systems  were  also  examined,  with 
an  eye  toward  the  goal  of  establishing  optimum  cost/benefit 
performance  criteria. 

2.2.1  FMVSS  No.  208  Test  Data 

The  approach  to  reliability  modeling  as  chosen  by  FAA  required 
the  review  of  Federal  Motor  Vehicle  Safety  Standard  (FMVSS) 
No.  208  test  data  for  the  vehicles  systems  under  evaluation. 
The  reliability  analysis  considers  not  only  the  current 
obvious  state  of  the  hardware  (e.g.,  broken  retractor,  worn 
belt,  etc.)  but  also  whether  the  component,  although  currently 
competent,  will  fail  when  subjected  to  loading  during  a 
collision.  Therefore,  the  magnitudes  of  belt  system  loading 
during  collisions  of  different  severities  is  important.  Review 
of  FMVSS  No.  208  compliance  tests  showed  load  vs.  time  graphs 
for  components  such  as  lap  and  torso  belts  which  could  be  used 
to  ascertain  the  loading  information  desired.  However,  since 
FMVSS  No.  208  requires  frontal  impact  speed  of  approximately 
30  miles  per  hour  (mph)  no  crash  data  other  than  those  shown 
in  Table  2.1  were  found  for  the  vehicles  in  question. 
Requests  were  made  to  the  vehicle  manufacturers  for  any 
additional  crash  test  data  which  could  be  utilized  in  the 
analysis  (see  Appendix  _A) , but  none  was  obtained.  Copies  of 
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the  FMVSS  No.  208  test  data  which  were  used  in  the  reliability 
analysis  are  shown  in  Appendix  B_. 

In  addition  to  the  FMVSS  No.  208  data  obtained  for  Chevrolet 
Chevette,  Volkswagen  Rabbit,  and  Toyota  Corona,  FAA  received 
higher  speed  crash  data  for  the  Chevrolet  Citation.  The 

speeds  recorded  were  30,  40,  and  48  mph.  However,  due  to  the 
apparent  scatter  in  the  test  data,  no  reasonable  load  vs. 
speed  of  impact  relationship  could  be  determined  or  applied  to 
the  test  data  for  the  Chevette,  Rabbit,  or  Corona.  Table  2.2 
shows  a comparison  of  the  data  reviewed. 

2.2.2  Automatic  Seat  Belt  System  Optimum  Performance  Standards 

A review  of  performance  standards  of  new  automatic  belt 
systems  was  identified  in  the  scope  of  work  and  discussed 
during  Task  1 of  the  program.  The  current  performance 
requirements  for  automatic  belt  systems  are  met  by  compliance 
with  FMVSS  No.  208,  as  is  the  case  for  all  type  2 belt 
systems.  FAA  requested  from  restraint  manufacturers  any 
nonproprietary  information  relating  to  design  loads  or  period 
of  performance  (See  again  Appendix  A). 

To  develop  the  “optimum"  cost/benefit  performance  criteria  for 
restraint  systems  the  design  system  load  levels  must  be 
defined.  In  addition,  since  most  mechanical  components  and 
systems  are  designed  for  a finite  expected  life,  this 
criterion  must  be  known.  Further  cost/benefit  and  risk 

analyses  would  then  be  necessary  to  establish  a true  optimum. 
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The  steps  and  considerations  believed  necessary  for  a 

cost/benefit  analysis  to  determine  optimum  seat  belt 

performance  requirements  are  as  follows, 

(1)  Determine,  for  the  population,  how  many  fatal  (injury) 
accidents  involved  occupants  who  properly  wore  their  seat 
belts  but  who  died  (were  injured)  due  to  seat  belt 
fai lure 

(2)  Determine,  for  the  population,  how  many  nonfatal 

(noninjury)  accidents  of  comparable  circumstances  in 
which  occupants  who  wore  their  seat  belts  were 

successfully  protected. 

(3)  Ratio  (1)  to  (2)  to  determine  contribution  of  seat  belt 
unreliability  to  death  and  injury  and  consequent  accident 
costs  over  and  above  those  had  the  seat  belts  worked. 

(4)  Assess  cost  of  seat  belt  redesign  and  type  of 
requirements  including  design,  quality  control, 
inspection,  maintenance,  etc.,  necessary  to  reduce 
injuries  and  deaths  and  compute  cost  of  requirement 
upgrade  and  the  total  that  could  be  saved  per  death  or 
injury  forestalled.  Include  expected  dollar  savings  - 
hospital  costs,  litigation  costs,  vehicle  repair  costs. 

(5)  Apply  a corresponding  exercise  to  other  motor  vehicle 
safety  factors  including  highway  environment,  highway 
traffic,  vehicle  design,  vehicle  inspection,  and  vehicle 
maintenance  including  training  and  licensing  of  auto 
mechanics  and  repair  facilities  to  compute  cost  of  action 
per  death  or  injury  forestalled  and  the  number  that  could 
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be  saved.  Include  expected  dollar  savings  - hospital, 
litigation,  investigation,  property  damage,  vehicle 
repair,  etc. 

(6)  Consider  the  lead  time  investment  costs  and  consequences, 
which  include  management  redirection,  reassignment  of 
engineering  talent  from  other  lifesaving  tasks,  factory 
retooling,  training,  etc.,  with  increases  in  price  of 
vehicles  or  taxes  and  interest  costs  and  bankruptcy 
risks.  Compute  total  benefit  minus  total  social  cost  for 
the  actions  considered. 

(7)  Rank  savings  (benefit)  in  lives  and  dollars  achieved  per 
dollar  spent  for  action  on  each  factor.  Accumulate  total 
savings  (benefits)  possible  and  accumulate  total  cost. 

(8)  The  seat  belt  requirement  should  be  adjusted  to  produce 
and  maximize  a positive  difference  of  benefit  beyond 
social  cost. 


2.3  TASK  3 - EXPERIMENTAL  STUDY  OF  SEAT  BELT  DEGRADATION  AND  COMPONENT 
TESTING 

This  task  involved  the  acquisition  of  used  and  new  retraint  system 
components  for  testing.  Used  components  were  collected  from  several 
geographic  locations. 


2.3.1  Acquisition  of  Used  Seat  Belt  Systems 

Acquiring  seat  belt  systems  with  known  user  histories  in 
multiple  geographic  areas  involved  location  of  the  owners. 
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making  contact,  and  arranging  for  replacement  of  the  used 

system. 

2.3*1. 1 Geographical  Locations 

By  acquiring  used  components  from  several  geographic 
areas  degradation  of  manual  belt  systems  as  a function 
age  also  include  consideration  of  environmental 
catalysts  and  give  the  results  more  national 
accuracy.  Four  geographical  locations  were  chosen  to 

encompass  a variety  of  climatic  conditions:  Los 

Angeles,  California,  for  salt  corrosion  and  moisture; 
Phoenix,  Arizona,  for  dust,  ultraviolet  exposure,  and 
heat;  Houston,  Texas,  for  humidity  and  microorganisms; 
and  Denver,  Colorado,  for  cold,  salt  corrosion,  and 
ultraviolet  exposure. 

The  first  three  major  metropolitan  areas  were  chosen 
due  to  proximity  to  FAA  offices.  Denver,  Colorado  was 
chosen  as  a cold  climate  area  reasonably  close  to  the 
other  three  to  minimize  logistic  problems  associated 
with  program  management  and  execution.  Additionally, 
major  metropolitan  areas  were  chosen  to  maximize  the 
sample  population. 

2.3. 1.2  Used  Component  Identification  Program 

A key  aspect  of  the  project  is  the  used  hardware 
identification  program.  This  effort  serves  two 
important  purposes.  First  and  foremost,  the  program 
locates  and  identifies  seat  belt  hardware  with  known 
service  histories  which  can  undergo  component  testing 
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to  define  functional  degradation  with  service  life. 
Second,  any  additional  information  supplied  by  owners 
may  be  used  in  the  analysis  of  system  restraint 
readi ness. 

The  hardware  identification  program  required  the 
names,  addresses,  and  telephone  numbers  of  registered 
vehicle  owners  were  required  for  the  vehicle  models 
selected.  These  models  included  the  1974-79  Toyota 
Coronas;  1976  Chevrolet  Chevettes;  and  1975-76,  and 
1979  Volkswagen  Rabbits.  In  addition,  to  assure 
complete  information  on  the  history  of  possible 
maintenance  and  replacements  affecting  seat  belts, 
only  vehicles  purchased  new  by  their  present  owners 
could  be  used.  FAA  contacted  the  automotive  special 
services  branch  of  R.L.  Polk  and  Company,  a national 
marketing  and  distribution  company,  to  obtain  the 
basic  registrant  lists  for  the  vehicles  in  question. 

Some  1300  owners'  names  within  each  of  the  four 
geographical  locations  were  thus  obtained  totaling 
5805  registrants. 

Due  to  a security  agreement  between  R.L.  Polk  and 
Company  and  the  State  of  Arizona,  special  permission 
was  necessary  for  the  release  of  vehicle  registration 
information  to  FAA.  Contact  was  made  with  the 
Assistant  Director,  Motor  Vehicle  Division,  State  of 
Arizona  Department  of  Transportation  and  permission 
was  subsequently  granted  (Appendi x _C) . 
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2.3. 1.3  Automobile  Dealership  Contact  for  Used  Restraint 


Replacement 

Local  Toyota,  Chevrolet,  and  Volkswagen  dealerships 
and  regional  service  managers  in  the  four  geographical 
areas  were  contacted  and  presented  with  an  explanation 
of  the  hardware  replacement  program.  The  plan  called 
for  FAA  to  first  determine  which  used  systems 
identified  in  the  owner  contact  portion  of  the  project 
were  of  interest  for  component  strength  testing. 
Following  this,  FAA  would  determine  the  necessary 
replacement  parts  and  order  said  parts.  Upon 
subsequent  dealer  receipt  of  the  replacement  systems, 
FAA  would  arrange  for  vehicle  owners  to  visit  the 
dealership  and  receive  the  replacement  belts.  All 
costs  associated  with  the  replacements,  parts  and 
labor,  were  paid  directly  to  the  dealership  by  FAA. 

To  aid  in  program  management  and  the  logistics 
involved  in  such  a replacement  program,  FAA  requested 
from  the  dealerships  letters  of  intent  to  cooperate  as 
well  as  parts  and  labor  cost  estimates  for  both  manual 
and  passive  seat  belt  sets  (VW  and  Chevrolet  only). 
These  letters  and  estimates  are  shown  in  Appendix  0_. 

2.3.2  Automobile  Manufacturer  Contact  for  Seat  Belt  Engineering  Data 

During  Task  1,  FAA  located  and  contacted  representati ves  of 

Volkswagen,  Toyota,  and  General  Motors,  as  indicated  by 

previous  reference  to  Appendix  A.  The  scope  of  the  project 
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was  explained  in  detail  and  assistance  was  requested  in 
obtaining  information  relating  to  design  load  parameters  and 
any  reliability  data  which  might  be  available.  Specifically, 
FAA  requested  information  concerning: 

Belt  Loads 

Attachment  Hardware  Loads 
Buckle  Loads 

Time  Dependence  of  Load  Application 
Retractor  Lock  Engagement  Parameters 
Varying  Severities  of  Crash  Testing 

Unfortunately,  no  technical  information  was  supplied.  Mr. 
Richard  Chitty,  Technical  Analysis  Manager,  Toyota  Motor 
Sales,  was  the  only  representative  who  provided  written 
response.  He  did,  however,  assist  FAA  in  explaining  the  scope 
of  the  project  to  Toyota  Regional  Service  Representatives  and 
suggested  their  cooperation  be  given. 

Representatives  of  General  Motors  Safety  Research  and 
Development  Laboratory  refused  to  cooperate  or  provide  any 
assistance  in  the  explanation  of  the  project  scope  to  local 
General  Motors  dealerships.  Volkswagen  likewise  supplied  no 
technical  information,  however,  the  dealerships  were  very 
interested  in  the  program  and  little  difficulty  in  making 
a rrangeinents  was  experienced. 

New  restraint  system  components  were  secured  from  the  various 
dealerships  for  FAA's  independent  testing. 
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2.3.3  Component  Testing 


Testing  methods  for  the  various  components  are  described  in 
detail  in  Section  4.  Webbing  and  retractors  in  new  and  used 
condition  were  subject  to  mechanical  loads  and  the  failure 
frequency  were  observed. 

2.4  TASK  4 - RELIABILITY  ANALYSIS 

The  reliability  analysis  combined  the  data  obtained  in  the  preceeding 
three  tasks  to  develop  the  estimates  presented  in  Section  1.  The 
analysis  itself  is  presented  in  detail  in  Section  5. 
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3.0 


TASK  2 - LITERATURE  REVIEW  AND  HARDWARE  IDENTIFICATION  PROGRAM 


The  majority  of  the  effort  in  Task  2 involved  conducting  the  use! 
hardware  identification  program.  However,  included  within  Tnsk  ? 
the  review  of  statistical  analysis  methods  and  sampling  techniques 
concerning  application  to  seat  belt  system  reliability  analysis.  In 
addition,  FAA,  having  received  no  information  from  the  manufacturers, 
independently  researched  reliability  information  associated  with  the 
unique  Toyota  electric  automatic  belt  system.  Review  of  additionally 
requested  FMVSS  No.  208  Test  Data  was  also  performed  during  Task  2. 

3.1  STATISTICAL  ANALYSIS  AND  SAMPLING  METHOD  REVIEW 

Assessment  of  seat  belt  systems  can  be  viewed  as  a combined 
engineering  and  statistical  analysis  to  compute  reliability. 
Important  to  the  effort  are  the  statistical  methods  used  for  modeling 
of  the  seat  belt  system  as  a reliability  network,  parameteri zation  of 
the  modeling  and  statistical  estimation,  and  the  sampling  methods  for 
acquisition  of  data.  A review  of  statistical  methods  for  failure 
analysis  of  seat  belt  systems  is  provided  within  this  report. 

The  objectives  of  the  review  are  twofold.  The  first  is  to  describe 
those  methods  used  in  this  report  that  are  not  already  well  explained 
in  introductory  texts  and  handbooks  on  statistics  which  are  available 
both  in  many  book  stores  and  from  the  Federal  Government  (e.g.  Crow, 
Davis,  and  Maxfield  (JJ).  The  second  is  to  provide  a description  of 
alternative  methods  offering  a gradation  of  modeling  detail  and  use 
of  data.  That  is,  if  either  less  information  or  more  information 
were  available  concerning  the  behavior  of  seat  belts  or  vehicle 
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system,  then  we  would  wish  to  know  what  approaches  to  the  modeling 
and  statistical  analysis  might  become  appropriate.  Thus,  the  aim  of 
the  review  is  indicative  rather  than  exhaustive  in  providing  for  some 
flexibility  on  analysis  approach. 

In  this  report,  the  seat  belt  is  treated  as  an  isolated  system  with 
the  vehicle  represented  by  the  mountings,  the  applied  loads  upon 
frontal  impact,  and  the  failing  retractor  webbing  extension  being  5 
inches.  For  reliability  assessment,  reliability  of  the  seat  belt 
system  is  a function  of  the  probabilistic  behavior  of  its  component 
parts  and  interfaces  with  its  surroundings.  Alternative  mathematical 
descriptions  for  assembly  of  seat  belt  reliability  are  reviewed  in 
Appendix  JE_  on  the  System  as  a Probabilistic  Network  Structure. 

Calculation  of  displacement  and  load-strength  reliability  of  seat 
belt  subsystems  require  first  a selection  of  modeling  to  characterize 
behavior  as  a function  of  influencing  factors  such  as  age  and 
usage.  Probably  most  important  to  subsequent  analysis  are  the 
methods  for  using  the  data  to  estimate  values  for  the  unknown 
quantities  (called  parameters)  in  the  modeling.  These  estimates  will 
be  for  both  the  engineering  or  expected  average  values  of  the  terms 
( i - e . ; deterministic  content  of  model)  and  random,  that  is,  chance 
variations  in  the  value  of  quantities  (i.e.;  probabi 1 i sti c content  of 
model).  To  assess  the  range  of  available  methods,  a well  connected 
review  is  provided  with  Appendix  _F.  Descriptions  of  some  of  the 
methodology  used  for  the  load  strength  analysis  in  this  report  do 
appear  in  the  Appendix.  However,  the  broad  range  of  methodologies 
described  does  not  permit  much  detail  such  as  techniques  for  the 
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weighting  of  data,  etc.  Such  details  are  instead  described  as  they 
are  needed  in  the  course  of  analysis  presented. 

The  statistical  analyses  to  assess  possible  trends  in  the  various 
sets  of  data  employ  what  are  essentially  handbook  techniques. 
However,  budgetary  considerations  forced  a reduction  in  the  number  of 
of  component  laboratory  strength  tests  that  could  be  run  and  it  was 
anticipated  that  not  enough  data  would  be  generated  for  analysis.  As 
a consequence,  the  laboratory  test  plan  was  rearranged  to  allow  seat 
belt  components  to  be  tested  together  so  that  nonfailure  loads  on  the 
seat  belt  components  could  be  produced  and  used  as  data  in  addition 
to  the  failure  loads.  Such  data  in  which  the  failure  load  is  hidden 
but  known  to  be  above  the  nonfailing  load  that  was  observed  to  be 
applied  are  called  Type  1 censored  data.  In  other  words  all  failure 
data  for  any  surviving  components  after  the  preset  loading  was 
reached  is  unknown,  since  the  components  were  tested  no  further. 
Methods  are  available  in  the  open  literature  for  handling  this  type 
of  censoring  except  for  two  factors  which  occur  in  this  program. 
First,  each  failed  component  in  a group  is  often  loaded  to  a 
different  level  ( i . e . ; multiple  censor  levels)  and  second  the  number 
of  components  analyzed  in  group  together  is  often  small  ( i . e . ; sample 
sizes  are  small).  Consequently,  the  special  techniques  and  computer 
program  developed  at  Failure  Analysis  Associates  for  treatment  of 
this  problem  were  essential  if  the  analysis  was  to  be  conducted.  A 
complete  development  of  the  equations  and  algorithm  for  analysis  is 
contained  in  Appendix  _G  [2J. 
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3.2 


LITERATURE  RELATING  TO  TOYOTA  AUTOMATIC  BELT  SYSTEM  ELECTRIC  MOTOR 


RELIABILITY 

An  implicit  requirement  for  estimating  the  reliability  of  any  system 
is  the  accurate  identification  of  the  reliability  of  each  system 
component.  Peculiar  to  the  automatic  belt  Toyota  system  is  an 
electric  motor  driven  rack  and  gear  system  that  moves  the  shoulder 
end  of  the  torso  belt  into  position  as  shown  in  Figure  3.1.  With 
direct  manufacturer  failure  data  being  unavailable,  a search  was 
performed  for  an  alternate  source  of  information  on  the  failure  rate 
of  similar  small  electric  motors. 

The  Government-Industry  Data  Exchange  Program  (GIDEP)  has  established 
a Reliability-Maintainability  Data  Bank  (RMDB)  based  on  failure 
information  supplied  by  various  government  and  industry 
participants.  An  RMDB  search  yielded  two  independent  references  from 
which  suitable  electric  motor  reliability  information  has  been 
extracted.  An  electric  motor  reliability  prediction  model  (Appendix 
J_)  has  been  developed  by  Shaker  Research  Corporation  for  fractional 
horsepower  motors  with  grease  packed  ball  bearings.  Motor  failure 
rates  vary  from  12-102  failures/million  hours, for  operation  in  a 40- 
30°  environment,  respectively.  (The  simplified  reliability  model 
computes  failure  rates  as  a function  solely  of  ambient  temperature. ) 

If  an  average  usage  of  3 times  a day  is  assumed  for  automatic  seat 
belts  on  the  driver  side  and  once  a day  for  the  passenger  side,  then 
usage  will  total  to  1460  times  a year  in  such  a vehicle.  Based  on 
information  from  Toyota  Company  representatives,  the  electric  motor 
for  a Toyota  Corona  automatic  belt  may  be  assumed  to  run  14  seconds 
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on  each  entry  and  14  second  on  each  exit  from  the  vehicle.  These 
assumptions  will  result  in  an  exposure  rate  of  11-1/3  hours  of 
electric  motor  operation  per  vehicle  year.  If  this  result  is 
multiplied  by  the  12  to  102  failures  per  million  hours  indicated 
above  and  factored  to  a five  year  period  for  1000  Toyota  Corona 
vehicles,  then  the  failure  rate  becomes 

12  to  102  failures  1 hours 
1,000,000  hours  x veh  year 

failures  among 

x 1000  veh  x 5 years  = 1 to  6 1000  vehicles 

in  5 years 

However,  the  data  from  Shaker  Research  Corporation  is  for  continuous 
operation  and  does  not  include  start-stops  which  are  expected  to  have 
a heavy  impact  on  electric  motor  deteri orati on.  Thus,  the  results 
here  should  be  considered  an  upper  bound  on  electric  motor 
reliability  for  seat  belt  use  given  that  the  Toyota  Corona  motors  are 
of  comparable  design. 

3.3  USED  HARDWARE  IDENTIFICATION  PROGRAM 

A fundamental  requirement  in  the  reliability  analysis  of  automotive 
seat  belt  systems  is  the  knowledge  of  system  service  histories.  The 
scope  of  the  program  is  to  predict  the  reliability  of  automatic  belt 
systems,  which  by  definition  will  be  used  every  time  the  vehicle  is 
driven;  therefore,  it  was  recognized  that  only  manual  systems,  which 
by  admission  of  the  owners  are  used  frequently,  should  be  used  for  a 
comparable  reliability  analysis.  Further,  it  was  necessary  to 
identify  obvious  owner  recognized  belt  system  component  failures  to 
allow  subsequent  engineering  inspection  and  testing.  Owner 
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recognition  of  obvious  failures  was  employed  since  the  engineering 
manpower  required  to  personally  inspect  thousands  of  vehicles  was 
prohibitive.  Since  the  reliability  analysis  as  designed  by  FAA 
considered  individual  component  reliabilities,  any  non-failed 
components  within  a system  recognized  to  have  some  apparent 
degradation  of  a particular  component  provide  additional  test 
specimens  and  reliability  information. 

During  Task  2,  FAA  obtained  the  results  of  the  R.L.  Polk  and  Company 
sort  of  vehicle  registration  information  for  the  four  geographical 
locations.  A summary  of  the  totals  by  manufacturer,  model,  year,  and 
geographical  location  are  shown  in  Table  3.1. 

A telephone  number  search  was  subsequently  conducted  of  these  5805 
registrants,  limiting  the  inquiry  to  those  telephone  numbers  listed  in 
public  directories.  This  limitation  reduced  the  total  number  of 
possible  respondants  to  2361.  Upon  receipt  of  the  telephone  numbers, 
FAA  engineers  and  engineering  technicians  systematically  contacted 
the  original  owner  registrants. 

The  format  for  contact  is  shown  in  Appendix  J_.  The  discussion  was 
not  a probative  survey,  rather,  an  explanation  of  the  research  FAA 
was  conducting  and  a request  for  any  information  which  might  prove  of 
assistance  in  the  reliability  analysis. 

Engineering  personnel  were  employed  for  this  effort  to  technically 
interpret  any  response  offered.  Again  the  prime  emphasis  of  the 
program  was  to  identify  seat  belt  hardware  which  displayed  obvious 
failures  and  readiness  affecting  problems.  Since  the  service  history 
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of  each  system  is  a necessary  requirement,  it  was  imperative  that  the 
owner  usage  of  the  belt  systems  be  established.  However,  this 
information  is  used  only  to  determine  legitimate  hardware  data  and 
does  not  constitute  a seat  belt  usage  survey. 

Based  upon  information  rendered  by  the  registrants,  FAA  engineering 
personnel  completed  the  telecon  response  form  also  shown  in  Appendix 
J_.  Included  within  the  Appendix  are  copies  of  two  subject  forms. 

The  information  was  then  desseminated  into  areas  which  affect  system 
reliability  (its  ability  to  perform  the  desired  function)  and 
restraint  readiness  (system  could  perform  restraint,  however  some 
problem  precluded  its  usage). 

A summary  of  results  concerning  the  2361  registrants  whose  telephone 
numbers  appear  in  public  directories  is  shown  in  Tables  3. 2-3. 6.  The 
response  classifications  are  sel f-expl anatory  and  those  entries  which 
fall  under  "no  contact  or  response"  include  telephone  disconnections, 
parties  whose  telephone  numbers  became  unlisted,  and  persons  who 
could  not  be  contacted  after  three  attempts  (morning  and  evening)  by 
FAA  engineering  personnel. 

The  differentiation  of  reliability  affecting  failures,  readiness 
affecting  problems,  belt  systems  functioning  properly,  and  systems 
which  are  not  used  by  the  owners  is  tabulated  by  geographical 
location  in  Tables  3.7-3.10 

A detailed  breadkdown  of  the  reported  incidences  by  vehicle  type  and 
model  year  is  shown  in  Appendix  _K. 
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summary  and  discussion  of  readiness  restraint  estimates 
in  Section  5.6. 
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1 
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6 

7 

8 


1 

5 

7 


1 Limit  Switch 

2.  Circuit  Breaker 

3 Computer 

4 Guide  Rail 


5.  Door  Lock  Switch 

6 Buckle  Switch 

7 Motor 

8 Spool  Release  Switch 

9 Emergency  Lock 


Figure  3.1  - Toyota  Corona  Automatic  Shoulder  Belt  System. 


3 - 9 


TABLE  3.1 


Summary  of  Vehicle  Registration  Identifications 
(Original  Purchase  Owners) 

Supplied  by  R.L.  Polk  and  Company 


AUTOMOBILE 

MODEL  YEAR 

PHOENIX 

Toyota  Corona 

1974 

31 

Toyota  Corona 

1975 

27 

Toyota  Corona 

1976 

59 

Toyota  Corona 

1977 

85 

Toyota  Corona 

1978 

98 

Toyota  Corona 

1979 

97 

Chevrolet  Chevette 

1976 

86 

Volkswagen  Rabbit 

1975 

18 

Volkswagen  Rabbit 

1976 

72 

Volkswagen  Rabbit 

1979 

133 

706 


LOS  ANGELES 

HOUSTON 

DENVER 

TOTAL 

180 

113 

81 

405 

76 

74 

49 

226 

181 

176 

91 

507 

289 

216 

88 

678 

400 

233 

52 

783 

372 

235 

25 

729 

213 

322 

165 

786 

131 

94 

65 

308 

274 

135 

246 

727 

297 

199 

27 

656 

2413 

1797 

889 

5805 

failure 

Analysis 

Associates 

FAA-82-2-14 
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TABLE  3.2 


Hardware  Identification  Program  Summary 


RESPONSE  CLASSIFICATION 
(NO.  OF  VEHICLES) 

PHOENIX 

HOUSTON 

LOS 

ANGELES 

DENVER 

TOTALS 

Reliability  affected,  only 

7 

12 

10 

12 

41 

Readiness  affected,  only 

64 

93 

103 

105 

365 

Reliability  & Readiness  affected 

9 

4 

8 

7 

28 

No  problems;  system  in  use 

87 

372 

231 

168 

858 

Systems  never  used 

32 

151 

66 

52 

301 

Vehicle  has  been  sold 

37 

153 

41 

71 

302 

No  contact  or  response 

96 

90 

193 

87 

466 

TOTALS: 

332 

880 

654 

502 

2361 

Failure 

Analysis 

Associates 

FAA-82-2-14 
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TABLE  3.3 


Summary  of  Results  - Hardware  Identification  Program 
Chevrolet  Chevette 


CHEVETTE 


r£spons£  classification 

(#  OF  VEHICLES) 

PHOENIX 

HOUSTON 

□55 

ANGELES 

DENVER 

TOTALS 

RELIABILITY  AFFECTED,  ONLY 

2 

4 

0 

0 

6 

READINESS  AFFECTED,  ONLY 

7 

13 

6 

27 

53 

RELIABILITY  & READINESS  AFFECTED 

4 

0 

1 

3 

8 

NO  PROBLEMS;  SYSTEM  IN  USE 

10 

50 

16 

25 

101 

SYSTEMS  NEVER  USED 

5 

21 

7 

13 

46 

VEHICLE  HAS  BEEN  SOLD 

3 

32 

6 

17 

58 

NO  CONTACT  OR  RESPONSE 

10 

17 

8 

10 

45 

TOTALS 

41 

137 

44 

95 

317 

failure 

Analyse 

Associates 

FAA-82-2-14 
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TABLE  3.4 


Summary  of  Results  - Hardware  Identification  Program 

Toyota  Corona 


CORONA 


RESPONSE  CLASSIFICATION 

LOS 

(#  OF  VEHICLES) 

PHOENIX 

HOUSTON 

ANGELES 

OENVER 

TOTALS 

RELIABILITY  AFFECTED.  ONLY 

2 

7 

5 

8 

22 

READINESS  AFFECTED,  ONLY 

30 

50 

64 

44 

188 

RELIABILITY  & READINESS  AFFECTED 

2 

2 

6 

3 

13 

NO  PROBLEMS;  SYSTEMS  IN  USE 

51 

225 

144 

92 

512 

SYSTEMS  NEVER  USED 

19 

101 

50 

28 

198 

VEHICLE  HAS  BEEN  SOLD 

17 

78 

18 

28 

141 

NO  CONTACT  OR  RESPONSE 

49 

47 

117 

27 

240 

TOTALS 

170 

510 

404 

230 

1314 

Failure 

Analysis 

Associates 

FAA-82-2-14 


TABLE  3.5 


Summary  of  Results  - Hardware  Identification  Program 
Volkswagen  Rabbits  with  Manual  Seat  Belt  Systems 


RABBIT  (PUN UAL) 


RESPONSE  classification 
(#  Of  VEHICLES) 

PHOENIX 

HOUSTON 

— ns 

ANGELES 

DENVER 

TOTALS 

RELIABILITY  AFFECTED.  ONLY 

3 

1 

2 

4 

10 

READINESS  AFFECTED,  ONLY 

25 

13 

23 

25 

86 

RELIABILITY  i READINESS  AFFECTED 

3 

1 

1 

1 

6 

NO  PROBLEMS;  SYSTEMS  IN  USE 

18 

53 

32 

27 

130 

SYSTEMS  NEVER  USED 

8 

26 

4 

9 

47 

VEHICLE  HAS  8EEN  SOLD 

(17)* 

(43)* 

(17)* 

(26)* 

(103)* 

NO  CONTACT  OR  RESPONSE 

(37)* 

« 

to 

CsJ 

(68)* 

(50)* 

(181)* 

TOTALS 

* 

* 

* 

* 

* 

•Totals  in  parenthesis  reflect  combined 

totals  for  manual  and  automatic  VW  Rabbit  Systems. 

failure 

Analysis 

Associates 

FAA-82-2- 14 
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TABLE  3.6 


Summary  of  Results  - Hardware  Identification 
Volkswagen  Rabbits  with  Automatic  Seat  Belt 


Program 

Systems 


RABBIT  (AUTOMATIC) 


RESPONSE  CLASSIFICATION 

(#  OF  VEHICLES) 

PHOENIX 

HOUSTON 

ns 

ANGELES 

DENVER 

TOTALS 

RELIABILITY  AFFECTED,  ONLY 

0 

0 

3 

0 

3 

READINESS  AFFECTED,  ONLY 

2 

17 

10 

9 

38 

RELIABILITY  A READINESS  AFFECTED 

0 

1 

0 

0 

1 

NO  PROBLEMS;  SYSTEMS  IN  USE 

8 

44 

39 

24 

115 

SYSTEMS  NEVER  USED 

0 

3 

5 

2 

10 

VEHICLE  HAS  BEEN  SOLD 

(17)* 

(43)* 

(17)* 

(26)* 

(103)* 

NO  CONTACT  OR  RESPONSE 

(37)* 

(26)* 

(68)* 

(50)* 

(181)* 

TOTALS 

♦ 

* 

* 

* 

* 

•Totals  in  parenthesis  reflect  combined 

totals  for  manual  and  automatic  VW  Rabbit  systems. 

failure 

Analysis 

Associates 

FAA-82-2- 14 
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TABLE  3.7 


Summary  Of  Hardware  Identification  Program 
Phoenix  Metropolitan  Area 


PHOENIX 

Chevette 

Corona 

Rabbit 

(Man. ) 

Rabbit 

(Auto.) 

TOTAL 

79  ! 

Tot. 

75 

76 

79  | 

Tot. 

75 

76 

79  \ 

Tot.  1 

Q 

LU 

f— 

Reported  no.  of  vehicles  [ 

6 

0 

1 

0 

1 

1 

1 

4 

0 

5 

1 1 

6 

0 

0 

0 1 

0 I 

16 

o 

LU 

REPORTED  NO.  OF  INCIDENCES 

7 

0 

1 

0 

1 

1 

1 

4 

0 

5 

2 

7 

0 

0 

0 

0 

18 

<C 

A.  Webbinq  Failure 

1 

0 

0 

0 

0 

0 

1 

1 

0 

0 

1 

1 

0 

0 

0 

0 

3 

>• 

B.  Buckle  Failure 

0 

0 

0 

0 

0 

0 

0 

0 

cr 

1 

1 

2 

0 

0 

0 

0 

2 

— J 

C.  Tonque  Failure 

0 

9 

9 

9 

9 

9 

0 

9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

CO 

D.  Retractor  Failure 

6 1 

0 

l 

0 

0 

l 

0 

2 

0 

4 

0 I 

4 

0 

0 

0 

0 I 

12 

~ 

E.  Floor  Mount  Failure 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 I 

0 

0 

0 

0 I 

0 

0 

LU 

QC 

F.  Other 

0 

0 

0 

0 

1 

0 

0 

l 

0 

0 

0 

0 

0 

0 

0 

o 1 

1 

jeREPORTED  NO.  OF  VEHICLES 

11 

3 

5 

8 

3 

4 

9 

32 

0 

10 

18 

28 

0 

0 

2 

2 1 

73 

REPORTED  NO.  OF  INCIDENCES 

16 

4 

5 

12 

4 

6 

13 

44 

0 

14 

22 

36 

0 

0 

6 

6 1 

102 

G.  Slow/Sticky  Retractor 

3 

0 

0 

0 

0 

1 

0 

1 

0 

0 

1 

1 

0 

0 

0 

0 

5 

H.  Guide  Rinq  Failure 

0 

9 

1 

2 

9 

n 

1 

4 

9 

9 

9 

0 

0 

9 

9 

9 1 

4 

a 

£ 

I.  Adjustlnq  Rinq  Failure 

0 I 

0 

0 

2 

0 

1 

0 

3 

0 

1 

0 

1 

0 

0 

0 

9 1 

4 

J.  Belt  Twistinq/Knottinq 

4 

2 

9 

9 

9 

9 

2 

4 

0 

3 

3 

6 

0 

0 

0 

0 j 

14 

u. 

u_ 

K.  Belt  Catchinq  in  Door 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

4 

L.  Difficulty  Adiustinq 

0 

0 

0 

0 

l 

0 

0 

1 

0 

0 

3 

3 

0 

0 

1 

1 

5 

on 

LU 

M.  Latch  Problems 

1 

0 

0 

1 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

1 

3 

2 

N.  Belt  too  Tiqht 

2 

0 

0 

1 

0 

l 

1 

3 

0 

1 

3 

4 

0 

0 

1 

1 

10 

<C 

0.  Difficulty  Reachinq  Belt  1 

1 

1 

0 

3 

1 

1 

4 

10 

0 

5 

4 

9 

0 

0 

0 

0 

20 

P.  Belt  Poorly  Positioned 

1 

1 

3 

2 

0 

2 

4 

12 

0 

4 

4 

8 

0 

0 

2 

2 

23 

0.  Frayed/Tom  Webbinq 

1 

0 

0 

(1 

o 

fl 

(1 

0 

o 

Q 

1 

1 

9 

0 

o 

0 

2 

R.  Other 

0 

0 

1 

1 

2 

0 

1 

5 

0 

0 

2 

2 

0 

0 

1 

1 1 

8 

.cREPORTED  NO.  OF  VEHICLES 
WITH  SUCCESSFUL  SYSTEM  USAGE 

10 

3 

3 

10 

15 

13 

51 

3 

4 

11 

18 

0 

2 

6 

8 

87 

^REPORTED  NO.  OF  VEHICLES 
WITH  UNUSED  SYSTEMS 

5 

1 

0 

5 

1 

7 

5 

19 

1 

4 

3 

8 

0 

0 

0 

0 

32 

— 

^VEHICLES  REPORTING  BOTH 
RPI  IABILITY  AND  REAOINESS  PROBS. 

4 

0 

1 

0 

0 

1 

0 

2 

0 

3 

0 

3 

0 

0 

0 

0 

— 

9 

TOTAL  VEHICLES  REPORTED 
a + b + c + d-  e 

28 

7 

8 

23 

20 

24 

22 

104 

4 

20 

33 

57 

0 

2 

8 

10 

199 

failure 

Analyse 

Associates 

FAA-82-2-14 
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TABLE  3.3 


Summary  of  Hardware  Identification  Program 
Houston  Metropolitan  Area 


HOUSTON 

Chevettej 

Corona 

1 

Rabbit 

(Man. ) 

Rabbit 

(Auto.) 

TOTAL 

7b  [174^ 

75 

76] 

JL 

JL 

79  1)  Tot.  I 

'5 

76 

79  11  Tot. 

75 

76 ! 

79  1 Tot. 

Q 

UJ 

Reported  no.  of  vehicles 

4 

2 

1 

2 

2 

0 

2 

• 

2 

0 

Jj 

2 | 

1 

0 

0 

1 | 

16 

O 

UJ 

u_ 

REPORTED  NO.  OF  INCIDENCES 

4 

2 

1 

3 

2 

0 

2 

10 

2 

0 

0 | 

” 2| 

1 

0 

° 

1 

17 

*x. 

A.  Webblnq  Failure 

0 II  1 

0 

01  o 

0 

0 

ri 

0 

0 

0 

o u o 

0 

0 

0 

1 

>- 

H- 

8.  Buckle  Failure 

2 0 

0 

1 

1 

0 

0 

2 1 

*0 

0 

0 ! 

1 

0 

0 

1 

5 

_J 

C.  Tonque  Failure 

0 II  0 

0 

0 

0 

0 

0 

o I 

0 

0 

0 

0 

0 

0 

0 

0 

0 

ca 

0.  Retractor  Failure 

1 

1 

2 

o 

0 

2 

UJ 

2 

0 

5 J 

o 

0 

a 1 

10 

__j 

E.  Floor  Mount  Failure 

0 II  0 

q 

9 

g 

0 

0 

0 

0 

0 

0 1 

<1 

0 

UJ 

(X 

F.  Other 

0 

0 

0 

o 

l 

0 

0 

1 

0 

0 

0 | 

0^ 

g 

g 

g 1 

o 1 

1 

^REPORTED  NO.  OF  VEHICLES 

13 

8 

ucT 

14 

14 

9 

7 

S2~1 

3 

2 

4 ! 

14 

2 

2 

14 

18 

97 

REPORTED  NO  OF  INCIDENCES 

14 

11 

0 

16 

16 

10 

9 

4 

8 

5 

17 

2 

3 

16 

21 

114 

G.  Slow/Sticky  Retractor 

n II  5 

0 

2 

3 

1 

5 

16 

0 

2 

0 

2 

2 

1 

10 

13 

42 

H.  Guide  Rinq  Failure 

0 2 

0 

2 

1 

1 

o 

“61 

o 

o 

1 | 

1 

o 

0 

° 

0 

7 

Q 

I.  Adjustinq  Rinq  Failure 

0 0 

0 

2 

0 

0 

0 

2 

1 

0 

n 

1 

0 

0 

0 

0 

3 

CJ 

J.  8elt  Twistinq/Knottinq 

0 II  2 

0 

IqJ 

_Q_ 

0 

0 

u 

L_ 

1 

4| 

6 

0 

1 

0 

1 

9 

u_ 

u. 

K.  Belt  Catchinq  in  Door 

1 

Q 

0 

i 

o 

0 

1 

2J 

n 

0 

0 

n 

0 

0 

0 

2_ 

L.  Difficulty  Adiustinq 

0 

1 

0 

2 

2 

1 1 1 1 7 

0 

0 

o1 

0 

1 

0 1 

1 

8 

on 

UJ 

M.  Latch  Problems 

0 ||  0 

0 

1 

0 | 0 

0 I 1 

o 

0 

Ol 

o i o 

0 

0 

0 

1 

N.  Belt  too  Tiqht 

0 0 

0 

1 

0 

2 1 1 ! 4 

o 1 i 1 o II i 

r° 

0 

2 

2 

7 

UJ 

0.  Difficulty  Reachinq  Belt 

0 1 

0 

1 

8 

o 

1 

0 ||  1 

° 

0 

0 

0 

9 

P.  Belt  Poorly  Positioned 

0 0 

0 

3 

2 

3 

1 

9 

i 

2 

0 1 3 

° 

0 

3 

3 

15 

0.  Frayed/Tom  Webbinq 

0 0 

0 

0 

1 

0 

0 ] 1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

R.  Other 

2 1 0 

0 

1 1 

2 

0 

4 

1 

1 

o 

2 

0 

0 

1 

1 

9 

Reported  no.  of  vehicles 
with  successful  system  usage 

50 

23 

22 

40 

37 

57 

46 

225 

16 

15 

22 

53 

4 

13 

27 

44 

372 

^REPORTED  NO.  OF  VEHICLES 
WITH  UNUSED  SYSTEMS 

21 

7 

7 

21 

19 

15 

32 

101 

> 

9 

14 

26 

0 

0 

3 

3 

151 

eVEHICLES  REPORTING  BOTH 
RFI  T ABILITY  AND  READINESS  PROBS. 

0 

0 

0 

1 

1 

0 

0 

2 

0 

0 

1 

1 

0 

0 

1 

4 

TOTAL  VEHICLES  REPORTED 
a + b + c + d-  e 

88 

40 

30 

76 

71 

81 

87 

385 

23 

31 

40 

94 

6 

15 

44 

65 

632 

failure 

Analyse 

Associates 

FAA-82-2-14 


TABLE  3.9 


Summary  of  Hardware  Identification  Program 
Los  Angeles  Metropolitan  Area 


LOS  ANGELES 

Chevette 

Corona 

Rabbit 

(Man. ) 

Rabbit 

(Auto.) 

TOTAL 

76 

r/“ 

75 

76 

77 

78 

Tot. 

75 

76 

79 

Tot.  ] 

75 

76 

79  | 

Tot.  ] 

o 

LU 

Reported  no.  of  vehicles 

1 

7 

0 

1 

2 

0 

1 

ii 

1 

1 

1 

3 

0 

0 

3 

3 | 

18 

O 

LU 

REPORTED  NO.  OF  INCIDENCES 

1 

7 

0 

1 

2 

0 

1 

ii 

1 

1 

1 

3 

0 

0 

3 

3 

18 

<z. 

A.  Webbinq  Failure 

0 

0 

Q 

0 

9 

9 

9 

9 

9 

0 

0 

0 

0 

0 

0 

0 1 

0 

>- 

F— 

B.  Buckle  Failure 

0 

1 

0 

0 

l 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

2 

— ! 

C.  Tonque  Failure 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

s 

D.  Retractor  Failure 

1 

5 

0 

1 

\ 

0 

1 

8 

1 

1 

1 

3 

0 

0 

2 

2 

14 

E.  Floor  Mount  Failure 

0 

1 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 | 

0 

1 

LU 

CC 

F.  Other 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 | 

1 

6REP0RTED  no.  of  vehicles 

7 

21 

6 

9 

8 

13 

13 

70 

11 

7 

6 

24 

1 

1 

8 

10 

111 

REPORTED  NO.  OF  INCIDENCES 

11 

33 

7 

13 

9 

16 

16 

94 

15 

11 

6 

32 

1 

1 

13 

15 

152 

G.  Slow/Sticky  Retractor 

3 

6 

0 

2 

1 

2 

4 

15 

2 

5 

1 

8 

0 

0 

4 

4 

30 

H.  Guide  Rinq  Failure 

0 

4 

1 

3 

0 

2 

0 

10 

0 

0 

0 

0 

0 

0 

0 

0 

10 

o 

LU 

I.  Adjustinq  Rinq  Failure 

0 

0 

1 

1 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

2 

LU 

J.  Belt  Twistinq/Knottinq 

0 

3 

1 

(1 

0 

1 

0 

5 

1 

(1 

1 

? 

n 

0 

(1 

0 

7 

lx. 

lx 

K.  Belt  Catchinq  in  Door 

0 

0 

0 

0 

0 

0 

2 

2 

1 

0 

0 

1 

0 

0 

1 

1 

4 

L.  Difficulty  Ad.iustinq 

3 

6 

0 

2 

0 

1 

0 

9 

3 

1 

0 

4 

0 

0 

2 

2 

18 

oo 

LU 

M.  Latch  Problems 

0 

0 

1 

0 

0 

0 

0 

1 

0 

1 

1 

2 

0 

0 

0 

0 

3 

N.  Belt  too  Tiqht 

1 

1 

1 

1 

1 

2 

2 

8 

0 

0 

1 

1 

0 

0 

1 

1 

11 

<C 

LU 

0.  Difficulty  Reachinq  Belt 

1 

5 

1 

3 

5 

2 

1 

17 

4 

3 

1 

8 

0 

0 

0 

0 

26 

P.  Belt  Poorly  Positioned 

3 

3 

1 

0 

1 

4 

4 

13 

3 

0 

1 

4 

0 

1 

0 

1 

21 

0.  Frayed/Tom  Webbinq 

0 

4 
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TASK  3 - EXPERIMENTAL  STUDY  OF  SEAT  BELT  DEGRADATION  AND  COMPONENT 


TESTING 

Efforts  in  Task  3 identified  those  components  having  obvious  impact 
on  belt  system  reliability.  Subsequently,  secondary  contact  with 
vehicle  owners  was  accomplished  in  an  attempt  to  procure  systems 
being  considered  for  component  testing.  In  addition,  new  replacement 
belt  systems  for  Rabbit,  Chevette,  and  Corona  manual  and  automatic 
designs  were  procured  for  nondegraded  (new  ) baseline  strength 
testing.  Such  preliminary  baseline  strength  testing  was  conducted 
and  a procedure  for  testing  the  various  used  belt  system  components 
was  developed. 

4.1  MANUAL  AND  AUTOMATIC  BELT  SYSTEM  PROCUREMENT 

As  was  shown  in  Figure  1.1  the  methodology  for  reliability  analysis 
of  seat  belt  systems  involved  component  strength  testing  of  used 
systems  with  obvious  failures  and  systems  which  appeared 
sati sfactory . To  define  the  reliability  as  a function  of  age, 
procurement  of  specimens  with  varying  ages,  including  new  systems  was 
requi red. 

The  procurement  of  new  manual  and  automatic  systems  was  accomplished 
through  parts  departments  at  the  appropriate  dealerships.  Original 
orders  placed  by  FAA  included  two  manual  and  one  automatic  system  for 
each  of  the  three  vehicles.  Rabbit,  Chevette,  and  Corona.  The  costs 
of  the  manual  and  automatic  systems  for  Rabbit  and  Chevette  were 
between  approximately  $125  - $200  each,  as  was  the  Toyota  manual 
system.  However,  the  Toyota  automatic  system  which  employs  an 
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electric  motor  gear  and  rack  system  had  a purchase  price  of 
approximately  $1000  for  just  the  passenger  system.  Furthermore,  this 
cost  did  not  includes  the  microcomputer  system  which  controls  the 
electric  belt  system  in  addition  to  other  functions  within  the 
vehicl e. 

The  procurement  of  used  systems  is  discussed  in  Section  3.3 

FAA  experienced  very  little  cooperation  on  the  part  of  vehicle  owners 
in  the  used  belt  system  replacement  program.  Most  owners  expressed 
little  interest  in  having  even  faulty  systems  replaced  and  all  but 
two  of  some  200  owners  whose  systems  were  working  properly  would  not 
consent  to  a belt  system  exchange.  Some  expressed  the  desire  to 
receive  personal  remuneration  to  replace  satisfactory  systems,  but 
FAA  considered  these  requests  prohibitive  due  to  budgetary 
constraints. 

Unfortunately,  this  lack  of  cooperation  reduced  sampling  methodology 
to  procurement  of  forty-one  (41)  systems  with  an  obviously  failed  or 
degraded  component  and  only  two  systems  apparently  operating 
satisfactorily.  In  addition,  two  new  replacement  belt  systems  for 
Toyoto  Corona  were  added  to  the  two  Toyota  systems  previously  ordered 
for  baseline  component  testing  because  the  owner  refused  to  have  the 
belts  installed  after  FAA  had  made  the  replacement  appointment. 

Since  the  Reliability  analysis  as  designed  by  FAA  considers 
individual  component  reliabilities,  each  belt  system  procured 
provides  useful  information.  Even  though  most  of  the  systems 
obtained  possessed  one  failed  component,  the  remaining  unfailed 
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components  provide  information  relating  to  the  effects  of  degradation 
and  use.  FAA  assumed  no  component  coupling  affects,  i.e.;  one 
component  failure  accelerating  the  wear  or  failure  rate  of  adjacent 
components. 

4.2  BELT  SYSTEM  COMPONENT  STRENGTH  TESTING 

To  determine  the  effect  of  degradation  or  use  on  the  reliability  of 
manual  and  automatic  seat  belt  systems,  it  is  necessary  to  establish 
both  baseline  (new)  component  strengths  and  any  reduction  in  strength 
of  used  components.  To  accomplish  this,  FAA  developed  a testing 
sequence  employing  FMVSS  No.  209  type  test  procedures.  The  intent  of 
the  component  testing  for  reliability  analysis  is  to  establish 
component  ultimate  strengths  thereby  defining  the  maximum  load  each 
respective  component  could  support  without  failure.  The  component 
strength  testing  was  conducted  in  FAA's  Los  Angeles  laboratory 
utilizing  an  MTS  closed-loop,  servohydraul i c testing  machine  shown  in 
Figure  4.1.  An  X-Y  Plotter  is  used  for  data  recording,  an  example  of 
which  is  shown  in  Figure  4.2.  Unless  otherwise  stated,  all 
components  were  pulled  to  failure  in  the  same  manner,  that  is 
preloaded  to  1500  lbs.  and  then  loaded  to  failure  at  an  extension 
rate  of  three  (3)  inches  per  minute. 

4.2.1  Chevrolet  Chevette  Manual  System 

Figure  4.3  shows  a representation  of  the  manual  seat  belt 
system  found  in  1976  Chevrolet  Chevettes.  The  annotation  of 
components  within  the  system  was  chosen  by  FAA  and  represents 
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consistent  nomenclature  to  be  used  throughout  this  report.  Of 
interest  is  the  identification  of  both  the  buckle  and  tongue  as 
"buckle".  This  was  chosen  because  any  strength  testing 
associated  with  the  buckle  or  buckle  assembly  requires 
inclusion  of  the  tongue  to  transfer  load  within  the  system. 
Therefore  a failure  of  the  buckle  suggests  separation  of  the 
buckle  and  tongue. 

Within  the  buckle  assembly,  the  buckle  webbing  and  buckle 
assembly  floor  attachment  are  considered  as  separate 

components.  In  addition,  the  continuous  webbing,  which  serves 
as  both  torso  and  pelvic  restraint  as  shown  in  Figure  4.3  is 
considered  a single  component  "webbing".  The  remaining 
components  distinguished  within  this  Chevette  manual  belt 
system  are  the  retractor  and  secondary  floor  attachment. 

The  procedure  for  testing  the  Chevette  manual  belt  system 
components  is  described  as  follows: 

1.  Floor  Attachment  Fitting  Test. 

Webbing  was  cut  approximately  two  (2)  feet  from  the 
secondary  floor  attachment  fitting.  The  attachment  fitting 
was  bolted  to  fixture  plate  using  FAA  supplied  bolts.  The 
two  foot  webbing  section  was  wrapped  around  the  split  drum 
fixture  mounted  on  the  MTS  machine.  The  assembly,  is  shown 
in  Figure  4.4.  Note  that  Figure  4.4  is  a photograph  of  a 
used  1976  Chevette  manual  belt  component,  but  the  Figure 
applies  to  both  new  and  used  components. 
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2.  Retractor  Latch  Test 


The  webbing  within  the  retractor  was  extended  completely 
and  subsequently  allowed  to  retract  approximately  two  to 
three  turns  of  the  retractor  wheel.  From  this  point,  an 
additional  two  (2)  foot  length  was  retained  with  the 
extraneous  webbing  being  removed  by  cutting.  The  retractor 
was  then  bolted  to  a fixture  plate  in  an  orientation  such 
that  the  loading  on  the  webbing  was  in  approximately  the 
same  direction  as  found  in  situ.  The  two  (2)  foot  webbing 
section  was  wrapped  around  the  fixed  drum  fixture  and 
loaded  in  the  MTS  machine  at  an  extension  rate  of  three  (3) 
inches  per  minute  to  failure.  An  example  of  the  test  setup 
is  shown  in  Figure  4.5. 

3.  Buckle  Assembly  Test 

A four  (4)  foot  length  of  webbing  remaining  after 
sectioning  for  the  floor  attachment  fitting  and  retractor 
testing  described  above  was  passed  through  the  tongue  and 
wrapped  (double  webbing)  around  the  split  drum  fitting. 
The  tongue  was  then  inserted  into  the  buckle  and  the  buckle 
assembly  floor  attachment  fitting  was  bolted  to  the  MTS 
fixture  plate.  Figure  4.6  shows  an  example  of  the  test 

conf i guration. 

Due  to  the  incorporation  of  independent  webbing  testing 
discussed  below,  and  the  finite  length  of  webbing  in  any 
one  system,  certain  tests  used  exemplar  webbing  during 
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buckle  assembly  testing. 


4.  Webbing  Test 

Approximately  four  (4)  feet  of  webbing  was  removed  from 
the  retractor  for  webbing  testing  in  accordance  with  FMVSS 
No.  209,  S5.1.  The  grips  were  four  (4)  inch  diameter  split 
drum  fixtures,  with  the  webbing  initially  loaded  to  50  lbs. 
and  extensometer  needles  were  inserted  through  the  center 
of  the  webbing  approximately  five  (5)  inches  apart,  and  the 
measurement  recorded.  The  webbing  was  preloaded  to  2000 
lbs.  and  then  extended  at  three  (3)  inches  per  minute  until 
the  load  reached  2500  lbs.  The  extension  was  then  halted 
for  approximately  ten  (10)  seconds  and  the  extension  was 
recorded.  In  all  test  cases,  the  elongation  was  20  percent 
or  less  at  2500  lb.  load. 

4.2.2  Chevrolet  Chevette  Automatic  System 

Figure  4.7  shows  a representati on  of  the  automatic  seat  belt 
system  offered  as  an  option  in  1980  Chevrolet  Chevettes. 

The  piller  interlock  of  the  Chevette  automatic  belt  system  as 
shown  in  Figure  4.7,  performs  a similar  function  as  the 
Chevette  manual  system  secondary  floor  attachment,  shown  in 
Figure  4.3.  Design  differences  preclude  the  use  of  floor 
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attachment  degradation  for  the  piller  interlock.  This 
component  was  not  tested  because  of  the  difficulty  in  properly 
replicating  the  door  attachment  geometry.  It  was  not 
considered  in  the  reliability  analysis  conducted  in  Task  4, 
and  thus  makes  that  analysis  an  "upperbound". 

1.  Retractor  Latch  Test 

The  dual  retractor  design  employed  in  the  Chevette 

automatic  belt  system  is  also  shown  in  Figure  4.7.  This 

unique  design  required  testing  of  individual  retractors 

only  as  the  fixtures  available  with  the  MTS  machine  could 

not  accommodate  dual  systems.  The  procedure  involved 
bolting  the  retractor  to  a fixture,  and  wrapping  the 

webbing  around  the  split  drum  fixture,  and  pulling  to 

failure.  This  procedure  repeats  that  used  for  manual 

retractors . 

2.  Buckle  Assembly  Test 

A section  of  webbing  two  (2)  feet  from  the  tongue  was 
required  to  wrap  around  the  split  drum  fixture.  The 
tongue  was  then  inserted  into  the  emergency  buckle  and  the 
buckle  attachment  was  bolted  to  a fixture  plate. 

Following  this  setup,  the  buckle  was  preloaded  and 
extended  at  a rate  of  three  (3)  inches  per  minute  until 
failure  occurred. 

Figure  4.7  also  shows  a child's  buckle  which  is  to  be 
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utilized  for  children  or  small  adults.  This  component  was 
not  tested  and  was  not  considered  in  the  reliability 
analysis  conducted  in  Task  4. 

4.2.3  Toyota  Corona  Manual  Belt  System  1974-1978  Model  Years 

Figure  4.8  shows  a representati on  of  the  manual  belt  system 
found  in  1974-1978  Toyota  Coronas. 

This  belt  system  differs  from  the  Chevette  system  with 
separate  shoulder  (torso)  webbing  and  lap  (pelvic)  webbing 
each  individually  sewn  at  the  tongue.  In  addition,  there  are 
separate  shoulder  and  lap  retractors.  Since  the  testing 
procedure  and  equipment  could  not  accommodate  testing  the 
entire  system  simultaneously,  the  shoulder  webbing  was 

separated  at  the  tongue  sewn  joint  and  the  shoulder  assembly 
was  tested  independently. 

1.  Shoulder  Retractor/Webbi ng  Test 

The  shoulder  webbing  was  separated  at  the  sewn  joint  at 
the  tongue.  The  shoulder  webbing  was  then  wrapped  around 
the  split  drum  fixture  and  the  shoulder  retractor  was 
bolted  to  a fixture  plate.  Figure  4.9  shows  an  example  of 
this  test  arrangement. 

2.  Retractor-Webbing-Buckle  Assembly  Test 

After  the  shoulder  webbing  was  separated  from  the  tongue, 
the  remaining  retractor-webbi ng-buckl e assembly  could  be 
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loaded  simultaneously.  This  required  bolting  the 

retractor  to  one  fixture  plate,  inserting  the  tongue  into 
the  buckle,  and  bolting  the  buckle  assembly  floor 
attachment  to  another  fixture.  Figure  4.10  shows  this 
test  configuration. 

The  components  which  did  not  fail  were  subsequently 
tested  to  failure  according  to  procedures  listed  below. 

3.  Retractor  Latch  Test 

If  the  buckle  assembly  or  webbing  at  the  tongue  sewn 
joint  failed  in  Test  (2)  above,  the  retractor  latch  was 
subsequently  tested  to  failure.  The  procedure  requires 

removing  the  tongue  from  the  webbing,  wrapping  the  webbing 
around  the  split  drum  fixture,  and  bolting  the  retractor 
to  a fixture  plate.  An  example  of  this  experimental 
equipment  is  shown  in  Figure  4.11. 

4.  Buckle  Assembly  Test 

If  the  retractor  latch  or  webbing  failed  in  Test  (2) 
above,  the  assembly  was  subsequently  tested  to  failure. 
If  the  retractor  latch  failed  first,  the  remaining  webbing 
was  wrapped  around  the  split  drum  fixture,  the  tongue  was 
inserted  into  the  buckle,  and  the  buckle  assembly  was 
bolted  to  a fixture  plate.  However,  if  the  webbing  failed 
at  the  tongue  sewn  joint,  a pin  and  clevis  fixture  was 
attached  to  the  tongue  and  used  to  load  the  buckle 
assembly  to  fai lure. 
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4.2.4  Toyota  Corona  Manual  Belt  System  1979  Model  Year 


Figure  4.12  shows  a representation  of  the  1979  Toyota  Corona 
manual  belt  system.  This  design  differs  from  the  manual 

system  discussed  in  the  previous  section  in  the  utilization  of 
dual  webbing  sections,  one  torso  and  one  pelvic  restraint 
opposed  to  separate  pelvic  and  torso  retractors. 

1.  Retractor  Latch  Test 

To  conduct  the  retractor  latch  test,  both  sections  of 
webbing  were  sectioned  between  the  retractor  and  tongue. 
A two  (2)  foot  (double  thick)  section  was  retained  for  the 
buckle  assembly  test.  The  remaining  dual  belt  was  wrapped 
around  the  split  drum  fixture  and  the  retractor  was  bolted 
to  a fixture  plate. 

2.  Buckle  Assembly  Test 

The  four  (4)  foot  (two  (2)  foot  double  thick)  webbing 
section  was  passed  through  the  tongue  and  wrapped  around 
the  split  drum  fixture  (both  ends).  Figure  4.13  shows  an 
example  of  this  test  configuration. 

4.2.5  Toyoto  Corona  Automatic  Belt  System 

Figure  4.14  depicts  the  Toyota  Corona  1980  model  year 
automatic  torso  belt  system  and  manual  pelvic  belt  system. 
This  system  employs  a unique  electric  motor  driven  rack  and 
gear  drive  system  to  move  the  torso  webbing  along  a guide  rail 
atop  the  door  frame.  A mi crocomputer  controls  the  system 
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actuation  utilizing  limit  switches,  and  an  emergency  lock  is 
included  to  prevent  complete  system  failure  during  a collision 
should  the  rack  fail. 

Due  to  the  complexity  of  this  unique  design,  the  expense  for 
one  passenger's  side  system,  minus  the  microcomputer,  was 
approximately  $1,000.  This  expense  prohibited  the  purchase  of 
more  than  one  system  for  analysis.  Since  one  system  is 
insufficient  to  provide  statistical  validity  to  component 
strength  tests  none  were  conducted.  However,  inspection  of 
the  system  components  will  allow  a reliability  analysis  to  be 
conducted  for  this  system  in  Task  4 utilizing  information 
gathered  for  equivalent  components  found  in  manual  systems. 
Those  components  not  common  to  Toyota  manual  belt  systems  will 
be  assumed  to  not  affect  the  reliability,  making  this  valve  an 
upper  bound. 

As  discussed  in  Task  2,  FAA  did  research  information  regarding 
electric  motor  reliability.  This  information  will  be 
discussed  in  Task  4 as  it  related  to  Toyota  automatic  belt 
system  restraint  readiness. 

4.2.6  Volkswagen  Rabbit  Manual  Belt  System 

Figure  4.15  shows  a representation  of  the  Volkswagen  Rabbit 
manual  belt  system.  This  system  is  very  similar  to  the 
Chevette  manual  belt  system  discussed  in  Section  4.2.1.  One 
notable  difference  is  the  use  of  a cable  within  the  buckle 
assembly. 
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1.  Secondary  Floor  Attachment  Fitting  Test 

The  webbing  was  first  severed  approximately  two  (2)  feet 
from  the  attachment  fitting.  The  attachment  fitting  was 
then  bolted  to  a fixture  plate  and  the  webbing  was  wrapped 
around  the  split  drum  fixture.  Figure  4.16  shows  this 
testing  configuration. 

2.  Webbing  Test 

The  procedure  employed  to  determine  webbing  strength 
independent  of  sewn  joint  effects  was  in  accordance  with 
FMVSS  No.  290,  S 5.1,  as  previously  discussed  in  Section 
5.2.1  of  this  report  concerning  similar  testing  of 
Chevette  webbing.  The  breaking  strength  was  determined  by 
removing  a four  (4)  foot  section  of  webbing  from  the 
retractor,  wrapping  it  around  two  split  drum  fixtures, 
preloading,  measuring  the  percent  elongation,  and  then 
loading  to  failure  at  an  extension  rate  of  three  (3) 
inches  per  second.  In  all  cases  tested,  the  elongation 
was  20  percent  or  less  2500  lb.  load. 

3.  Retractor  Latch  Test 

The  webbing  remaining  on  the  retractor  was  extended 
approximately  two  (2)  feet  and  wrapped  around  the  split 
drum  fixture.  The  retractor  was  then  bolted  to  a fixture 
plate  and  the  assembly  was  preloaded  to  approximately  1500 
lbs.  as  shown  in  Figure  4.17  . Completion  of  the  testing 
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extended  the  assembly  at  a rate  of  three  (3)  inches  per 
minute  until  failure  occurred. 

4.  Buckle  Assembly  Test 

Since  the  webbing  was  used  to  determine  webbing  strength 
and  percent  elongation  as  previously  discussed,  the  buckle 
assembly  test  procedure  required  the  use  of  a pin  and 
clevis  to  apply  load  to  the  tongue.  This  clevis  was 
bolted  to  a fixture  plate  with  the  tongue  being  inserted 
into  the  buckle.  The  buckle  assembled  floor  attachment 
was  bolted  to  another  fixture  plate  as  shown  in  Figure 
4.18,  and  tested.  An  example  of  a buckle  assembly  failure 
in  which  the  tongue  fractured  at  approximately  5950  lb. 
load  is  shown  in  Figure  4.19. 

4.2.7  Volkswagen  Rabbit  Automatic  Belt  System 

The  Rabbit  automatic  belt  system  is  shown  in  Figure  4.20. 
This  system  employs  a floor  mounted  retractor,  torso  webbing, 
and  an  emergency  buckle  attached  to  the  door.  A unique 

feature  of  the  Rabbit  system  is  the  incorporation  of  a padded 
knee  bolster  below  the  dashboard  to  provide  pelvic 
restraint.  Upon  vehicle  frontal  impact,  the  occupant's  knees 
contact  the  bolster  and  transfer  the  load  through  the  femurs 
and  hips. 


1. Retractor  Latch  Test 


The  webbing  was  sectioned  approximately  two  (2)  feet  and 
six  (6)  feet  from  the  buckle  end.  The  remaining  webbing 
was  wrapped  around  the  split  drum  fixture,  and  the 
retractor  was  bolted  to  a fixture  plate.  The  system,  as 
shown  in  Figure  4.21  was  then  loaded  to  failure. 

2.  Webbing  Test 

The  four  (4)  foot  webbing  piece  was  wrapped  around  two 
split  drum  fixtures  and  tested  according  to  FMVSS  No.  209, 
S 5.1,  as  discussed  in  Section  4.2.1. 

This  process  involves  preloading  the  webbing,  measuring 
the  percent  elongation,  and  then  loading  to  failure  at  a 
rate  of  three  (3)  inches  per  minute. 

3.  Buckle  Assembly  Test 

The  buckle  assembly  for  the  Rabbit  automatic  belt  system 
was  tested  in  two  ways.  First,  the  two  (2)  foot  section 
of  webbing,  including  the  buckle,  was  wrapped  around  the 
split  drum  fixture,  the  tongue  was  inserted  into  the 
buckle  assembly,  and  the  buckle  was  bolted  to  an  angled 
fixture  plate  (Figure  4.22)  to  simulate  the  loading 
configuration  in  the  vehicle.  The  assembly  was  preloaded 
to  approximately  1500  lbs.  and  subsequently  loaded  to 
fai 1 ure. 
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In  most  cases,  the  webbing  failed  at  the  tongue  sewn  joint 
so  a second  test  procedure  was  developed  using  a pin  and 
clevis  fixture  to  transfer  load  to  the  buckle  assembly. 
This  test  setup  is  shown  in  Figure  4.23. 

4.2.8  Test  Results 

A summary  of  the  test  results  identifying  the  minimum 
strengths  data  recorded  for  each  component  is  shown  in  Table 
4.1.  Minimum  strengths  for  particular  components  are  used 
because  they  represent  the  maximum  loads  the  component  can 
withstand. 

The  results  of  the  component  strength  testing  are  shown  in 
Appendix  _L.  Each  test  sheet  represents  one  belt  system  and 
the  serial  number  at  the  top  of  each  page  was  assigned  by  FAA 
for  organizational  purposes.  The  individual  tests  identified 
were  discussed  previously  and  the  sequence  in  which  the  tests 
were  conducted  is  numbered.  The  failure  location  identifies 
which  particular  components  failed  during  testing  and  the  load 
at  failure  is  shown.  Any  additional  information,  including 
the  elongation  testing,  is  shown  under  "Notes  or  Comments". 

4.2.9  Computation  of  Loading  Factors  for  Seat  Belt  Components 

The  different  types  of  seat  belt  systems  have  been  identified 
in  terms  of  a common  set  of  components.  A typical  load 
distribution  was  computed  based  on  an  assumed  unit  (one  pound) 
tension  in  the  torso  belt  for  each  system.  Many  of  the 
components  are  simply  connected  in  series  with  the  torso  belt, 
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so  in  service  see  the  same  load  as  the  belt  (loading  factor, 

1.0). 


In  systems  where  a lap  belt  meets  the  torso  belt  (as  at  a 
buckle)  the  vector  sum  of  the  two  loads  was  calculated  based 
on  an  approximated  angle  of  60°  based  on  system  geometry, 
between  the  two  belts.  Then  for  equal  loads  in  the  two  belts, 
the  flexibility  of  the  system  will  permit  the  junction  to 
become  oriented  such  that  each  belt  lies  30°  off  the  line  of 
action  of  the  third  part  (e.g.,  buckle  assembly)  of  the 
junction. 

For  the  above  case  the  loading  factor  for  the  buckle  assembly 
is  computed  as  follows: 

T = T COS  30°  + T COS  ' 30°  = 1.7 

buckle  torso  lap 

assembly  belt  belt 

Similar  computations  were  made  for  all  of  the  systems. 

These  loading  factors  appear  at  the  top  of  Table  5.9 

for  each  seat  belt  design.  Calculations  are  shown  in 

Appendix  _M  for  two  example  cases. 


4.3  RETRACTOR  ENGAGEMENT/ACCELERATION  TESTING 

The  function  of  a retractor  within  a seat  belt  system  is  two-fold. 
First,  the  retractor  allows  convenient  storage  of  webbing  when  not  in 
use  and  provides  a means  of  adjustment  for  occupants  of  varying 
sizes.  Second,  it  provides  an  attachment  point  and  locking  mechanism 
to  react  loading  of  the  belt  system  during  vehicle  collision.  To 
accomplish  the  second  function,  the  retractor  must  possess  a means  of 
locking  the  retracting  spool  during  vehicle  impact. 
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The  two  basic  design  configurations  utilized  for  the  retractor  locks 
considered  in  this  project  include  a pendulum  locking  mechanism  which 
is  sensitive  to  vehicle  (or  retractor)  acceleration  and  an  inertial 
wheel  clutch  mechanism  which  is  sensitive  to  belt  extension  rate  and 
angular  acceleration  of  the  retracting  spool. 

FMVSS  No.  209,  S 4.3,  requires  that  the  retractor  locking  mechanism 
be  capable  of  engaging  before  the  webbing  extends  one  (1)  inch  when 
the  retractor  is  subjected  to  an  acceleration  of  0.7g.  The  actual 
acceleration  of  the  retractor  upon  a 29.4  mph  frontal  impact  could 
not  be  obtained  from  the  crash  data  supplied  by  the  NHTSA  so  the  .7g 
level  was  used  as  an  approximation  for  preliminary  analysis.  FAA 
therefore  designed  an  acceleration  test  bench  which  could  affect  a 
,7g  acceleration  upon  the  retractor  to  test  the  effectiveness  of  both 
locking  mechanisms  together  as  a single  retractor  unit.  The  bench  is 
depicted  in  Figure  4.24.  Note  the  linear  displacement  which  monitors 
the  linear  position  of  the  cart.  The  potentiometer  was  used  to 
monitor  the  displacement  of  the  cart  as  a function  of  time  from  which 
the  acceleration  was  calculated  using  the  expression 

s = v0t 

where 

S = Distance  travelled  (inches) 

V0~ Initial  Velocity  = 0 
a =Accel eration  (in/sec2) 
t = time  (seconds) 

Solving  for  the  acceleration  in  g's  (386  in/sec2) 
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a 


2s 


g's 

386t  2 

The  displacement,  as  a function  time,  was  recorded  using  a Hewlett 
Packard  5423A  Structural  Dynamics  Analyzer  located  in  the  FAA  Phoenix 
Laboratory. 
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Figure  4.1  - MTS  Closed-Loop  Servohydraul ic  Testing  Machine. 
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Figure  4.2  - Example  of  MTS  Machine  X-Y  Recorder  Plot. 
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Figure  4.3  Chevrolet  Chevette 

Manual  Seat  Belt  System 
Passenger's  Side 
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Figure  4.4  - Floor  Attachment  Fitting  Test  - 1976  Chevette  Manual  Seat  Belt. 
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Figure  4.5  - Retractor  Latch  Test  - 1976  Chevette  Manual  Seat  Belt  System. 
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Figure  4.6  - Buckle  Assembly  Test  - 1976  Chevette  Manual  Seat  Belt  System. 
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Figure  4.7  1980  Chevrolet  Chevette 

Automatic  Seat  Belt  System 
Passenger's  Side 
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Figure  4.8  Toyota  Corona 

Manual  Seat  Belt  System 
1974-1978  Model  Years 
Passenger's  Side 
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Figure  4.9  - Shoulder  Retractor/Webbing  Test  - 1978  Corona  Manual  Seat  Belt 
System. 
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Figure  4.10  - Retractor-Webbing-Buckl e Assembly  Test  - 1974  Corona  Manual  Seat 
Belt  System. 
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Figure  4.11  - Retractor  Latch  Test  - 1974  Corona  Manual  Seat  Belt  System. 
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Figure  4.12  Toyota  Corona 

Manual  Seat  Belt  System 
1979  Model  Year 
Passenger's  Side 
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Figure  4.13  - Buckle  Assembly  Test  - 1979  Corona  Manual  Seat  Belt  System. 
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Figure  4.14  Toyota  Corona 

Automatic  Seat  Belt  System 
Passenger's  Side 
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Figure  4.15  Volkswagen  Rabbit 

Manual  Seat  Belt  System 
Passenger's  Side 
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Figure  4.16  - Floor  Attachment  Fitting  Test  - 1976  Rabbit  Manual  Seat  Belt  System. 
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Figure  4.18  - Buckle  Assembly  Test  - 1975  VW  Rabbit  Manual  Seat  Belt  System 
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Figure  4.19  - Tongue  Fracture  (Buckl e Assembly  Test)-  1975  Rabbit  Manual  Seat  Belt 
System. 
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Figure  4.20  Volkswagen  Rabbit 

Automatic  Seat  Belt  System 
Passenger's  Side 
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Figure  4.21  - Retractor  Latch  Test  - 1979  VW  Rabbit  Automatic  Seat  Belt  System. 

failure 

Analysis 

Associates 

FAA-82-2-14 


Figure  4.22  - Buckle  Assembly  (w/Webbing)  Test 
Belt  System. 
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Buckle  Assembly  Test  (w/o  Webbing)  - 1975  Rabbit  Automatic  Seat 
Belt  System. 


Failure 

Analysis 

Associates 

FAA-82-2- 


Failure 


4 - 42 


Figure  4.24  - Retractor  Acceleration/Engagement  Testing  Apparatus. 
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Figure  4.25  - Typical  Displacement  vs.  Time  Curve  Used  to  Calculate 
Retractor  Acceleration. 
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RELIABILITY  ANALYSIS 


5.1  ORGANIZATION  OF  ANALYSIS  AND  CASES  CONSIDERED 

In  this  section,  the  laboratory  retractor  displacement  and  seat  belt 
component  strength  data  are  evaluated  for  trends  and  seat  belt 
reliability.  The  analysis  appears  in  four  parts. 

In  the  first,  the  retractor  displacement  data  (Section  4.3)  is 
reviewed  to  assess  the  structure  of  retractor  displacement 
behavior.  The  results  are  then  used  to  compute  estimates  for 
probability  of  excessive  displacement  for  the  seat  belts  tested  for 
each  vehicle  type  (i.e.  Toyota  Corona,  VW  Rabbit,  Chevette) . 

In  the  second,  the  component  strength  data  generated  using  the  FMVSS 
No.  209  testing  (Section  4.2)  are  evaluated.  Degradation  due  to  age 
and  use  and  other  possible  factors  influencing  strength  are  treated 
where  sufficient  failure  data  exists.  Extraction  of  information  from 
components  that  were  loaded  but  not  failed  was  made  possible  through 
the  use  of  censored  data  analysis  techniques  developed  previously  by 
FAA  under  Electric  Power  Research  Institute  funding.  In  this  way, 
the  number  of  comparisons  that  could  be  treated  for  the  number  of 
strength  tests  conducted  was  more  than  double  what  could  have  been 
evaluated  by  conventional  techniques  alone. 

In  the  third  part  of  this  section,  the  loads  and  strength  data  are 
combined  to  compute  probabilities  of  seat  belt  failure  due  to  loss  of 
component  strength.  For  this  purpose,  load  data  for  frontal  impact 
at  29.4  miles  per  hour  are  used  for  each  vehicle.  The  strength  data 
for  the  components  are  normalized  with  respect  to  equivalent  applied 
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loadings.  The  results  of  the  assessments  of  degradation  trends  from 
the  second  part  of  this  section  are  then  used  to  construct  modeling 
for  regression  analysis.  The  regression  analyses  provide  predicted 
strengths  as  a function  of  seat  belt  age  and  usage  together  with 
variance/covariance  matrices  from  which  prediction  variances  are 
estimated  for  each  of  the  cases  considered.  These  results  are 
combined  with  the  variances  on  loadings  to  compute  the  probability  of 
loads  exceeding  seat  belt  system  and  selected  subsystem  strengths. 

In  the  fourth  part,  an  assessment  of  seat  belt  reliability  in  a 29.4 
mph  test  frontal  impact  is  attempted  for  the  seat  belts  as 
represented  by  the  laboratory  test  data.  For  this  purpose,  the 
reliability  relationships  are  constructed  and  enabling  assumptions 
defined  first.  The  failure  probabilities  from  the  load  strength 
analysis  are  then  combined  with  the  retractor  displacement  failure 
probabilities  to  estimate  seat  belt  reliability  for  each  case 
considered. 

Essentially,  these  cases  include: 

For  the  Toyota  Corona: 

1.  A pre-79  manual  seat  belt 

2.  The  automatic  shoulder  belt  as  represented  by 
equivalent  manual  seatbelt  components 

3.  The  combined  automatic  shoulder  and  manual  lap 
belt  system  as  represented  by  equivalent  manual 
seat  belt  components 

For  the  VW  Rabbit: 

1.  The  manual  seat  belt 

2.  The  automatic  seat  belt 
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3.  An  assumed  redesigned  version  of  the  automatic 
seat  belt  by  deletion  of  the  weakest  component 
from  analysis 
For  the  Chevette: 

1.  The  manual  seat  belt  whose  components  are  used  to 
represent  the  automatic  seat  belt 

2.  An  assumed  redesigned  version  of  the  seat  belt  by 
deletion  of  the  weakest  component  from  analysis 

In  each  case,  reliability  is  estimated  for  a new  belt  and  a 5-year 
old  belt.  The  fourth  part  of  the  section  closes  with  a discussion  on 
the  limitation  and  significance  of  the  results  obtained. 

The  last  part  of  the  section  provides  an  evaluation  of  the 
information  gained  from  vehicle  owners  contacted.  Essentially,  this 
consists  of  determining  the  nonresponse  rate  for  the  target 
populations  and  that  part  of  the  population  that  constituted  the  pool 
for  acqui sition  of  used  seat  belts.  In  addition,  the  complaint  rates 
and  failure  rates  among  seat  belt  users  are  discussed  and  compared 
among  vehicle  makes.  A comparison  of  complaint  rates  and  failure 
rates  for  manual  versus  automatic  seat  belts  is  also  discussed  for 
75/76  model  year  and  79  model  year  VW  Rabbits. 

RETRACTOR  DISPLACEMENT 

The  retractor  acceleration-displacement  tests  conducted  at  the  FAA 
Phoenix  office  for  VW  Rabbit,  Chevette,  and  Toyota  seat  belts  are 
described  in  Section  3 above.  In  all  cases  (Toyotas,  VW  Rabbits,  and 
Chevettes),  termination  of  webbing  extension  from  the  retractors  by 


the  pendulum  catch  was  tested  and  measured.  The  VW  Rabbit  seat  belt 
retractors  also  have  an  inertial  wheel  catch  operating  with  the 
pendulum  that  sometimes  catches  the  webbing  before  the  pendulum.  All 
of  the  acceleration-displacement  results,  including  a set  of  inertial 
wheel  catch  results  obtained  separately  for  contrast  on  Rabbit  seat 
belts,  appear  in  Appendix  _N.  For  analysis,  these  results  are 
condensed  into  a single  table  (Table  5.1). 

Discussion  of  the  analysis  follows  in  two  steps.  The  first  is  to 
assess  retractor  displacement  behavior,  while  the  second  step  is  to 
estimate  probability  of  excessive  displacement  for  each  of  the  three 
vehicle  makes  considered. 

For  both  steps,  analysis  requires  computation  of  geometric  mean  and 
standard  deviation  of  log  retractor  displacements  for  the  twenty 
trials  of  each  retractor  tested  (Table  5.2).  With  ten  VW  Rabbit 
retractors  tested,  the  same  statistics  (geometric  mean  and  standard 
deviation)  are  computed  for  all  trials  among  the  1975/76  model  year 
and  for  those  among  the  1979  model  year  groupings  of  Rabbit 
retractors.  In  addition,  geometric  mean  and  standard  deviations  are 
computed  for  all  trials  among  the  retractors  of  each  vehicle  type. 

To  assess  retractor  displacement  behavior  among  VW  Rabbit  retractors, 
several  comparisons  can  be  made.  First,  a comparison  of  the  75/76 
model  year  retractors  with  79  model  year  retractors  indicates  no 
degradation  of  webbing  retention  with  age  is  apparent  within  the 
first  5 years  of  usage.  Second,  a comparison  of  automatic  seat  belt 
retractors  with  manual  seat  belt  retractors  indicates  no  significant 
difference  between  the  two  seat  belt  types.  This  is  seen  by  counting 
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three  automatic  seat  belt  geometric  means  above  the  ”al  l"  seat  belts 
geometric  mean  of  .7090  inches  and  three  below  and  similarly  the  same 
for  the  4 manual  seat  belt  retractors  (i.e.  2 above,  2 below).  The 
differences  between  cities  are  well  within  a single  standard 
deviation  hence  not  at  all  significant  with  the  data  available. 

To  lend  further  insight,  an  analysis  of  variance  (ANOVA)  was 
conducted  on  the  retractor  displacement  data  for  each  vehicle.  In 
particular,  the  mean  square  of  residuals  within  retractor  units  was 
computed  and  compared  with  the  mean  square  of  residuals  between 
retractor  units.  The  mean  square  (also  known  as  an  estimate  for 
variance)  is  the  square  of  the  standard  deviation.  In  addition,  a 
residual  is  the  difference  between  the  log  displacement  for  an 
individual  trial  and  the  mean  of  the  log  displacements  for  the  group 
of  trials  in  question. 

The  between  units  mean  square  is  obtained  as  follows.  First, 
consider  the  VW  Rabbit  statistics  on  Table  5.2  as  an  example  and 
compute  the  sum  of  squares  for  VW  Rabbit  retractor  data  as  a whole. 
This  is  done  by  squaring  the  standard  deviation  and  multiplying  by 
the  number  of  degrees  of  freedom.  That  is  (. 352840) ^ x 199  = 
24.774717  on  Table  5.2 

The  within  units  sum  of  squares  is  computed  by  squaring  the  standard 
deviations  for  the  data  of  each  retractor,  summing  the  resulting  mean 
squares  (which  sums  to  1.029135  for  Rabbits),  and  multiplying  by  the 
number  of  degrees  of  freedom  for  each  retractor.  That  is  1.928135  x 
19  = 19.553565  on  Table  5.2.  The  corresponding  total  within  units 
degrees  of  freedom  is  10  units  x 19  degrees  of  freedom  per  unit  - 190 
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degrees  of  freedom.  The  between  units  sum  of  squares  is  the 
difference  between  the  total  sum  of  squares  and  the  total  within 

units  sum  of  squares.  That  is,  for  Rabbits  we  have  24.774717  - 

19.553565  = 5.221152  and  the  corresponding  number  of  degrees  of 
freedom  is  199  - 190  = 9.  From  these  results,  the  within  units  and 
between  units  mean  squares  are  immediately  computed  as 

19.553565/190  = .1029135 

5.221152/9  = .5801280 

as  shown  on  Table  5.2.  Comparing  the  two  variances,  it  is  clear  that 
there  is  considerably  more  variance  in  displacements  between 

retractors  than  between  trials  on  the  same  retractor.  This  is 

apparent  whether  we  observe  VW  Rabbits,  Chevettes,  or  Toyota  Coronas. 

As  the  second  step,  the  probability  of  excessive  displacement  is 
computed  on  Table  5.3.  For  this  purpose,  it  is  assumed  that  a 5-inch 
web  extension  from  a retractor  on  impact  in  an  accident  is  the  limit 
or  failing  displacement  x^  , for  the  seat  belt  retractor.  It  is  also 
assumed  that  a person's  chances  in  retractor  displacement  in  an 
accident  can  be  represented  as  a random  selection  of  retractor  and  a 
random  selection  of  trial  with  a given  retractor.  On  this  basis,  the 
total  variance  on  log  displacement  is  the  sum  of  within  units 
variances  and  between  units  variance.  That  is,  for  Rabbits, 

(.1029135  + .5801280P2  = .683041^2  = .826463  (Table  5.2)  for 

displacement  log  standard  deviation,  o , listed  on  Table  5.3.  The  Z 
statistic  is  computed  as  Z = In  (x^/  x^/a  where  x^  is  the  geometric 
mean  displacement.  (In  is  the  natural  or  naperian  logarithm  of  a 
number).  That  is,  for  VW  Rabbits,  we  have  1 n ( 5/ . 7090)/. 826463  = 
2.363  standard  deviations  of  a normal  distribution.  From  the 
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published  tables  for  a normal  disribution,  2.363  corresponds  to  a 
.009064  probability  of  retractor  displacement  failure. 

It  should  be  noted  that  the  Toyota  Corona  seat  belt  retractors  tested 
were  the  special  1979  model  year  dual  manual  seat  belts  which  are  not 
representative  of  other  Toyota  Corona  seat  belt  retractor  models. 
Consequently,  for  reliability  analysis  of  Toyota  Corona  automatic  and 
pre-79  manual  system  retractors,  an  average  of  VW  Rabbit  and  Chevette 
retractor  behavior  is  assumed  as  indicated  on  Table  5.3  in  the 
absence  of  other  data. 

5.3  ASSESSMENT  OF  COMPONENT  STRENGTH  DATA 

To  compare  the  possible  effects  of  aging,  use,  and  other  factors  on 
seat  belt  strength  and  to  initially  assess  seat  belt  reliability,  a 
series  of  seat  belt  components  were  loaded  to  failure  at  the  FAA  Los 
Angeles  laboratory.  The  components  tested  represent  a breakdown  of 
various  designs  of  manual  and  automatic  seat  belts  selected  as 
available  from  the  driver  and  passenger  sides  of  Toyota  Coronas,  VW 
Rabbits,  and  Chevettes  for  various  model  years  in  the  Los  Angeles, 
Phoenix,  Denver,  and  Houston  areas.  A description  of  these  strength 
tests  is  the  subject  of  Section  4 on  Component  Testing.  The  original 
data  on  the  breaking  strengths  measured  are  provided  in  Appendix _L. 

For  analysis,  these  data  are  condensed  and  presented  on  Table  5.4. 
Along  with  the  failing  loads.  Table  5.4  shows  the  same  loads  in 
brackets  where  they  occurred  on  adjacent  components  without 
failure.  Information  on  the  vehicle  make  and  model  year,  the  city 
where  the  vehicle  is  registered,  the  seat  belt  design,  and  whether 
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the  seat  belt  is  from  the  driver's  or  passenger's  side  are  also 
provided  on  the  Table.  Matched  pairs  of  seat  belts  for  driver  and 
passenger  from  the  same  vehicle  are  indicated  by  a bracket  connecting 
the  pair.  Components  of  a given  seat  belt  that  were  not  included  and 
loaded  in  test  are  indicated  by  a dash  Components  that  are  not 
part  of  a given  seat  belt  design  are  indicated  by  the  term  "N/A". 
Crossed  out  numbers  indicate  failure  loads  on  failed  components  which 
are  considered  unrepresentative  of  component  behavior  had  the 
component  been  in  a vehicle  instead  of  the  laboratory  test  rig. 

An  assessment  of  degradation  due  to  age  and  use  is  accomplished  by 
comparing  strengths  of  newer  versus  older  components  where  enough 
data  is  available.  In  these  comparisons,  the  effects  of  location  on 
degradation  and  the  limitations  on  control  of  seat  belt  selection 
must  be  considered  before  drawing  conclusions.  In  addition, 
variations  in  material  specification  and  lot  quality  at  the 
manufacturing  source  has  to  be  recognized  as  another  factor 
influencing  results.  To  corroborate  the  impact  of  usage,  component 
strength  comparisons  are  also  made  between  matched  pairs  of  driver 
versus  passenger  side  seat  belts.  Comparisons  between  automatic  and 
manual  seat  belt  versions  of  the  same  component  are  made  where 
possible  to  confirm  assumptions  on  strength  of  equivalent  components 
for  the  preliminary  estimates  of  reliability  for  automatic  seat  belts 
using  manual  seat  belt  strength  data. 

The  groupings  of  component  strength  data  from  Table  5.4  to  be 
compared  are  listed  on  Table  5.5.  The  number  of  components  (or  pairs 
as  appropriate)  is  given  as  a single  or  triple  number  in  the  column 
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entitled  "sample  size  unloaded."  A single  number,  n,  signifies  that 
all  n components  in  the  group  have  failing  loads.  A triple  number 
gives  the  total  number  in  the  group  as  equal  to  the  number  of  failed 
components  plus  the  number  of  components  not  failed  (i.e.  censored) 
at  the  bracketed  loads  listed  on  Table  5.4.  Where  all  components  in 
a grouping  have  failing  loads  on  Table  5.4,  the  sample  mean  is 
computed  as 


on  Table  5.5.  However,  with  censored  data,  the  iterative  techniques 
of  Appendix  _G_  as  discussed  in  Section  3 must  be  used  to  compute  the 
sample  mean,  standard  deviation,  and  effective  number  of  degrees  of 
freedom.  A computer  program,  ROUTINE. CENSOR,  developed  for  this 
purpose  for  multi-level  censored  data  was  used  for  completing  Table 
5.5.  An  example  of  the  output  of  this  program  for  item  14,  "VW 
Rabbit:  All  manual  seat  belt  buckles",  is  shown  on  Table  5.6. 


The  groupings  on  Table  5.5  are  paired  and  the  resulting  comparisons 
are  listed  on  Table  5.7.  To  test  the  null  hypothesis  that  the  two 
groupings  in  each  comparison  have  the  same  sample  mean,  a Student  t 
test  is  used.  For  two  groupings,  the  t statistic  is  computed  by 


x = xi  /n 


the  standard  deviation  by 


s 


and  the  number  of  degrees  of  freedom  by 


df  = n - 1 
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where 


df  = df  + df2 
while  for  the  matched  pairs 
t = -x  /TT/s 

where  the  subscripts  distinguish  the  two  groupings  compared.  The 
resulting  values  of  t statistic  and  degrees  of  freedom  are  listed  on 
Table  5.7.  Probability  tables  for  the  Student  t distribution 
available  in  most  statistics  handbooks  provide  the  corresponding 
values  of  probability  also  shown  on  Table  5.7.  Upon  reading  the 
probabilities  listed,  small  probabilities  on  Table  5.7  indicate  a 
significant  difference  between  the  groupings  paired.  In  these  cases, 
a positive  (negative)  t statistic  on  Table  5.7  indicates  the  grouping 
listed  on  the  left  (right)  of  the  pair  in  the  table  has  the  stronger 
components.  However,  among  the  matched  pairs,  a positive  t statistic 
indicates  the  passenger  seatbelts  having  the  stronger  components. 
Probabilities  near  .5  indicate  no  significant  difference  can  be 
shown. 

From  the  results  on  Table  5.7,  the  following  can  be  said.  Retractors 
and  buckles  appear  to  degrade  in  strength  with  usage.  However,  lot 
quality  or  material  specification  changes  are  of  sufficient  size  to 
alter  apparent  trends.  Webbing  may  degrade  although  perhaps  more 
with  age  than  with  use.  The  VW  Rabbit  buckles  for  automatic  seat 
belts  appear  of  downgraded  design  strength  from  buckles  for  manual 
seat  belts  to  fit  the  reduced  expected  loadings  during  frontal 
impact.  However,  the  buckle  to  floor  attachment  in  the  Chevettes 
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appear  to  have  the  same  strength  between  manual  and  automatic  seat 
belts. 

5.4  LOAD-STRENGTH  ANALYSIS 

Seat  belt  reliability  depends  on  the  resistance  of  the  seat  belts  to 
failure  under  loadings  during  vehicle  impact,  that  is  load-strength 
reliability.  Component  failures  capable  of  producing  seat  belt 
failure  will  depend  on  seat  belt  design.  For  example  as  depicted  in 
Figure  4.8,  if  one  of  the  Toyota  Corona  manual  belt  retractors 
failed,  the  other  could  still  restrain  the  occupant  from  injury. 
Whereas  if  the  Toyota  Corona  manual  belt  buckle  failed,  then  nothing 
would  be  left  to  restrain  the  occupant.  For  a study  of  seat  belt 
load-strength  reliability  using  Table  5.4  with  the  Figures  depicting 
the  seat  belt  systems  in  Section  4.2  as  a basis,  nine  cases  have  been 
selected  (Table  5.8).  Essentially,  the  selection  is  intended  to 
support  reliability  estimation  for  the  seat  belts  as  follows: 

1.  Manual  seat  belts  loaded  as  in  the  laboratory  tests. 

2.  Automatic  seat  belts  loaded  as  in  the  laboratory  tests  with 
components  equivalent  to  the  manual  seat  belts. 

3.  Automatic  seat  belts  redesigned  by  deletion  of  the  weakest 
component. 

Modeling  for  each  case  is  based  on  the  insights  drawn  from  the 
analysis  of  Table  5.7  and  take  the  form 

In  y = lSj  + x &2  + x s3  {side,pass  + e 
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In  y = 13^  + x 3^  + e 


where  y is  the  observed  component  strength;  x is  the  seat  belt  age  in 

years  as  of  1981;  6 . , is  the  Kronecker  delta  equal  to  1 for 

side, pass 

passenger  belts  and  0 otherwise;  3^,  3^ , 3^  are  parameters  to  be 
estimated  from  the  data,  and  e is  the  residual  or  error  of 
observation  assumed  to  be  random.  The  use  of  the  natural  logarithms 
(In  y)  arises  from  the  possible  range  of  srengths  and  loads  being 
from  0 to  00  so  that  least  squares  estimators  will  more  realistically 
fit  possible  data. 

To  conduct  a load-strength  analysis  the  component  test  loads  of  Table 
5.4  must  be  normalized  into  the  form  of  equivalent  applied  seat  belt 
loadings.  Loading  factors,  which  are  derived  in  Section  3 to  be 
divided  into  the  component  test  loads  for  this  purpose,  are  listed  on 
Table  5.9  for  each  component  for  each  vehicle  and  seat  belt  design. 
These  loading  factors  are  divided  into  the  component  test  loads  of 
the  corresponding  design  seat  belts  of  Table  5.4  to  obtain  the 
normalized  data  for  Table  5.9. 

Each  of  the  nine  cases  listed  on  Table  5.8  is  represented  by  a 
corresponding  page  of  Table  5.9.  For  each  case,  the  component  whose 
failure  constitutes  failure  for  the  case  is  identified  as  critical  by 
black  bordering  of  the  correspondi ng  normalized  load.  In  all  cases 
but  the  first  one,  the  critical  component  in  a seat  belt  is  the 
weakest  one  as  demonstrated  by  the  lowest  uncensored  loading.  In  the 
first  case  for  failure  of  total  system  strength  of  Toyota  manual 
belts,  failure  of  one  web  and  retractor  would  not  lead  to  seat  belt 
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failure  until  additional  components  failed.  Consequently,  the 
critical  component  is  the  lessor  of  the  (1)  weakest  part  of  the 
strongest  retractor  and  web  or  (2)  the  weakest  of  buckle,  buckle  web, 
and  floor  attachment.  In  the  second  case  the  failure  of  the  weakest 
of  two  belts  in  the  Toyota  manual  system,  the  buckle  and  floor 
attachment  part  of  the  system  is  not  under  analysis  so  that  the 
correspondi ng  failure  and  nonfailure  load  data  columns  are  blanked 
out.  That  is  in  all  cases,  component  columns  are  blanked  out  if  the 
components  are  not  part  of  a seat  belt  design  or  are  strengthened 
hence  deleted  by  redesign. 


During  the  component  testing,  not  all  components  of  every  seat  belt 
could  be  tested.  As  a consequence,  the  critical  loadings  for 
components  exposed  less  often  than  other  components  among  the  seat 
belts  must  be  weighted  to  compensate  for  their  consequent  and 
proportional  lack  of  reported  failures.  The  weights,  , for 
analysis  are  calculated  for  each  i th  component  of  the  I components 
in  a seat  belt  by 


wi  - 


.i =1  f.i 

nri 
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where  n^^  = number  of  seat  belts  in  which  the  recorded  failing 
test  load  of  the  i th  component  is  the  critical  load 
constituting  failure  for  the  case. 

n • = number  of  seat  belts  in  which  the  i th  component  was 
loaded  sufficiently  to  either  cause  failure  for  the 
case  or  eliminate  the  component  as  a possible  cause. 


To  aid  in  the  calculation,  the  values  of  n^  (number  of  critical 
failures)  and  nn*  (number  at  risk)  are  listed  near  the  bottom  of  each 
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component  column  on  Table  5.9.  The  resulting  weights  are  listed  at 
the  bottom  of  each  component  column  on  Table  5.9. 

With  the  critical  failure  loads  data  prepared  for  analysis  on  Table 
5.9  and  the  modeling  on  Table  5.8,  a computerized  regression  analysis 
was  performed  to  compute  least  squares  estimates  for  the  parameters, 
^1*^2*^3  of  the  modeling  in  each  case.  An  example  output  of  this 
least  squares  analysis  appears  as  Table  5.10.  The  analysis  output 
includes  the  variance/covariance  matrix  listed  as  the  mean  square  for 
the  model  fit  to  data  and  the  inverse  of  the  product  matrix  (also 
known  as  the  inverse  of  the  information  matrix).  The  results  of  the 
analysis  are  used  in  the  modeling  to  predict  geometric  mean  values  of 
seat  belt  strength  for  the  circumstances  of  each  seat  belt  that  was 
laboratory  tested.  These  values  are  listed  along  side  the  observed 
critical  failure  loads  and  the  difference  (i.e.  residuals)  between 
observed  and  predicted  values.  The  weights  assigned  to  each 
observation  are  listed  with  the  correspondi ng  seat  belts. 

For  some  of  the  cases,  analysis  and  the  assessments  from  Table  5.7 
indicate  lot  variations  as  possibly  so  significant  that  pooling  of 
data  without  attempting  to  model  trends  is  recommended  with  the 
available  data.  This  was  done  for  cases  4 - the  Toyota  automatic 
shoulder  belt,  and  7 - the  Rabbit  automatic  seat  belt  redesigned  as 
assumed  for  comparisons.  In  the  case  of  the  Toyota  automatic  shoulder 
belt,  one  Toad  is  censored  so  that  the  iterative  censored  data 
analysis  program,  ROUTINE. CENSOR,  was  necessary  to  find  a geometric 
mean,  variance,  and  effective  degrees  of  freedom.  The  output  is 

given  as  Table  5.11. 
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The  loads  data  from  frontal  impact  tests  at  29.4  mph  discussed  in 
Section  3 are  listed  on  Table  5.12.  For  analysis,  the  geometric 
averages  x = exp  (-^  In  x^ ) and  the  variances  on  the  logarithms 

of  loadings  s^  = 7iTX  ^^1  = 1 xi  ^ " n are  comPuted  and 

1 i sted  on  the  Tabl e. 


The  load-strength  analysis  is  completed  in  two  additional  steps.  The 
first  (Table  5.13)  is  to  compute  the  load-strength  standard 
deviations  from  the  results  of  Tables  5.10,  5.1,  5.12.  the  second 
(Table  5.14)  is  to  combine  the  geometric  mean  strengths  and  geometric 
mean  loads  with  the  standard  deviations  to  compute  the  1 oad-strength 
failure  probability  for  each  of  the  nine  cases  of  Table  5.8.  In  each 
case,  the  reliability  analysis  is  done  for  new  and  for  5-year  old 
seat  belts  on  the  driver's  side. 


For  the  first  step,  the  projected  variance  on  predicted  strength  is 
computed  on  Table  5.13  using 


2 r 2 d In  y v 2 d In  y 
1 i = l dB„.  j=l  de . 


1 1 = 1 dB].  j=l  d3j  ij 

The  model  gradients,  dd^n  y for  i = 1,2,  on  Table  5.13  are  computed 

from  the  models  listed  on  Table  5.8  using  x = o for  new  seat  belts 

and  x = 5 for  the  5-year  old  1976  belts.  Note  that  for  the  driver's 

= 0 so  that  d ,~*n  y = 0 hence  only  the 


side  seat  belts  6 


side, pass 


de 


2 2 2 2 

first  terms  cr^  , CJ12  » » ^2  of  the  var'iance/covar'iance  matrix 

2 

need  appear  in  the  analysis.  The  covariances  (J. ^ are  listed  on 

Table  5.13  as  the  product  of  the  MEAN  SQUARE  and  the  inverse  of  the 

product  matrix  elements  listed  on  Table  5.10.  The  pooled  data 

2 

variance  on  predicted  strength  is  the  square  of  the  standard 
deviation  listed  on  Table  5.11  for  case  4 - Toyota  automatic  shoulder 
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belt.  The  pooled  data  variance  for  case  7 - Rabbit  redesigned 

automatic  belts  is  computed  by  the  usual  formula 

2 1 rv  n n \2  / -i  -x  2-, 

= 77T  ^Ei=i  (1n  ^i ) - n (]n  y)  ] 

where  y = exp  (-■  In  y.) 

from  the  Table  5.9-7  strength  data.  The  variances  on  seat  belt 

loads  from  19.4  mph  frontal  impact  are  transcribed  from  Table  5.12. 
The  1 oad-strength  standard  deviation  o follows  immediately  as 
[°12  + on  Tat^e  5*13. 

To  complete  the  load-strength  analysis,  the  1 oad-strength  standard 
deviation,  o , (Table  5.13),  the  geometric  mean  strengths,  , 
(Tables  5.10  and  5.11),  and  the  geometric  mean  load,  x^  , (Table 
5.12)  are  transcribed  to  Table  5.14.  The  geometric  mean  for  the 
pooled  Table  5.9  - 7 strength  data  is  computed  by 

y = exp  (pj  E .. In  y.. ) for  the  case  7 - Rabbit  redesigned  automatic 
belt  (combined  seat  belt  ages).  With  the  assumption  of  log  normally 
distributed  strength  and  loads,  the  Z statistic  is  computed  as 

z - in  A-/o 
*2 

for  Table  5.14.  Tables  of  the  normal  distribution  available  in  most 
statistics  introductory  texts  and  handbooks  provide  the  failure 
probabilities  for  Table  5.14  corresponding  to  the  statistics  for  each 
case  studied. 
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5.5 


ASSEMBLY  OF  SEAT  BELT  RELIABILITY 


With  the  loads,  strengths,  and  retractor  displacement  represented  by 
the  data  available  to  this  project,  an  estimate  of  seat  belt 
reliability  is  attempted  here.  In  particular,  the  probabilities  of 
excessive  retractor  webbing  extension  (Table  5.3)  and  of  loads 
exceeding  seat  belt  strength  (Table  5.14)  are  used  on  Table  5.15  to 
estimate  reliability  against  failure  so  defined.  However,  the 
significance  of  these  estimates  are  limited  by  the  sources  of  the 
data  employed  and  the  assumptions  necessary  to  construct  the 
estimates. 

Vehicle  selection  for  contracted  reasons  was  not  part  of  a formal 
statistically  planned  field  survey.  Within  the  budgetary 
constraints,  no  systematic  procedure  could  be  applied  to  assure  that 
the  sample  selected  would  be  a representative  cross  section  of  seat 
belts  among  Toyota  Coronas,  VW  Rabbits,  and  Chevettes  in  the  United 
States.  In  particular,  the  strength  and  displacement  data  are  taken 
from  vehicles  in  which  the  owners  without  renumeration  for  their  time 
were  willing  to  present  their  vehicles  for  seat  belt  replacement. 
Any  information  given  by  vehicle  owners  was  that  volunteered  by 
vehicle  owners  without  the  controls  associated  with  formal  survey 
conditions.  As  a consequence,  the  population  of  inference  is  largely 
limited  to  the  seat  belts  tested. 

The  assumptions  for  estimation  are  as  follows: 

1.  The  published  loads  produced  experimentally  by  frontal 
impact  at  29.4  mph  (Table  5.12)  represent  accident 
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loadings  as  if  experienced  by  seat  belts  in  service 
use. 

Friction  and  occupant  geometry  can  be  ignored  in 
computing  ratios  of  applied  loads  to  test  loads  on 
components . 

Five  inches  of  retractor  displacement  under  the 
conditions  of  the  laboratory  acceleration-displacement 
testing  can  define  displacement  failure. 

Occupant  movement  and  deformation,  belt  deformation, 
and  vehicle  interior  geometry  can  be  ignored. 

The  displacement  behavior  of  Chevette  automatic  seat 
belt  retractors  is  the  same  as  for  manual  seat  belt 
retractors  tested  at  the  FAA  Phoenix  Laboratory. 

The  displacement  behavior  of  Toyota  Corona  manual  and 
automatic  seat  belt  retractors  is  an  average  of  Rabbit 
and  Chevette  retractors  tested  at  the  FAA  Phoenix 
1 aboratory . 

For  analysis  here,  redesign  of  a component  is  assumed 
to  eliminate  the  possibility  of  its  failure. 

Automatic  seat  belt  components  are  assumed  to  have 
exactly  equivalent  reliability  as  their  manual  seat 
belt  counterparts  that  were  laboratory  tested. 

The  Toyota  Corona  automatic  shoulder  belt  attachment 
to  the  electric  motor  and  associated  mountings  are 
assumed  to  be  immune  to  failure. 
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10.  The  Chevette  automatic  seat  belt  shoulder  web  and 

attachments  are  assumed  not  to  impact  on  the  seat  belt 
rel iabi 1 ity . 

11.  The  loads  and  displacements  are  lognormally 

di stri buted. 

12.  Displacement  and  load-strength  failures  are 

independent  events. 

13.  Seat  belt  system  reliability  is  a function  only  of 

retractor  displacement  and  load-strength  probabilities 
of  failure. 

The  rel ati onshi ps  necessary  to  compute  seat  belt  reliability  are 
essentially  as  follows.  For  the  Toyota  Corona  automatic  shoulder 
belt  and  for  VW  Rabbit  and  Chevette  seat  belts  (Figures 
4.3,4.14,4.15,  and  4.20)  system  reliability  is  the  probability 

R = (1  - P {load-strength})  (1  - P {displacement}) 
failure  failure 

In  the  case  of  Toyota  Corona  manual  seat  belts  (Figure  4.8),  failure 
may  occur  in  three  alternative  ways 

1.  The  entire  seat  belt  system  suffers  1 oad-strength 
failure  (case  1,  Table  5.14). 

2.  Both  retractors  suffer  displacement  failure  together. 

3.  The  weakest  retractor  and  web  suffer  1 oad-strength 
failure  (case  2,  Table  5.14),  and  the  other  suffers  a 
displacement  failure. 
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In  the  case  of  the  Toyota  Corona  automatic  seat  belt  with  lap  belt 
secure  (Figure  4.14),  4 modes  of  failure  may  alternatively  occur 

1.  The  shoulder  belt  suffers  displacement  failure  and  the 
lap  belt  suffers  a load-strength  failure. 

2.  The  shoulder  belt  suffers  a 1 oad-strength  failure  and 
the  lap  belt  suffers  a displacement  failure. 

3.  Both  belts  suffer  load-strength  failures. 

4.  Both  belts  suffer  displacement  failures. 

These  relationships  are  more  explicitly  formulated  on  Table  5.15  with 
the  1 oad-strength  probabilities,  P^.  . , for  each  i th  case  of  Table 
5.14  and  displacement  probabilities  from  Table  5.3.  The  formulae 
are  then  used  to  compute  the  seat  belt  reliability  estimates  shown  on 
Table  5.15. 

From  the  results  on  Table  5.15  it  is  clear  that  the  reliabilities  for 
Toyota  automatic  shoulder  belts.  Rabbit  seat  belts,  and  Chevette  seat 
belts  are  dominated  by  retractor  displacement  as  a failure  mode.  In 
the  case  of  Toyota  automatic  seat  belts,  inclusion  of  a secured  lap 
belt  significantly  increases  seat  belt  system  reliability.  It  should 
be  noted,  however,  that  a sparsity  of  data  has  produced  erratic 


estimates 

of 

variance  that  prevent 

assessment 

of 

trends 

on 

degradation  of 

reliability  with  age  and 

use.  Moreover, 

this 

same 

sparsi  ty 

of  data  and  the  consequent 

assumpti ons 

necessary 

for 

analysis 

have 

inhibited  any  realistic 

compari son 

of 

seat 

be!  t 

reliability  between  manufacturers. 
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5.6 


INFORMATION  GAINED  FROM  HARDWARE  IDENTIFICATION  PROGRAM 


As  pointed  out  in  the  discussion  on  Assembly  of  Seat  Belt 
Reliability,  the  seat  belt  sample  obtained  for  component  strength  and 
retractor  displacement  testing  represents  a special  group  within  the 
vehicle  population.  To  lend  some  insight  into  how  well  the  seat 

belts  selected  represent  the  population  of  seat  belts  in  use,  the 

proportions  among  the  results  from  the  hardware  identification 
program  are  discussed  herein. 

To  obtain  seat  belts,  four  metropolitan  areas,  Los  Angeles,  Phoenix, 
Denver,  and  Houston  were  selected.  These  selections  were  made  for 
convenience  to  Failure  Analysis  Associates  offices  and  to  assure  some 
extremes  of  climate  in  the  sample.  Among  the  Toyota,  Rabbit,  and 
Chevette  model  year  vehicles  targeted,  R.L.  Polk  and  Company 

identified  some  2413,  706,  889,  1797  vehicle  owners  in  the  Los 

Angeles,  Phoenix,  Denver,  and  Houston  metropolitan  areas, 
respectively  (Table  5.16).  In  the  attempt  to  contact  the  vehicle 
owners,  Table  5.17  indicates  that  of  the  contacts  attempted,  73% 
either  could  not  be  found  in  the  phone  book,  would  not  answer  their 
phone,  or  had  sold  their  vehicle.  Among  the  metropolitan  areas  this 
nonresponse  varied  from  61  to  83%. 

To  ascertain  vehicles  having  seat  belts  in  use  to  qualify  as 
candidate  hardware  for  acquisition,  respondents  were  asked  whether 
they  often  used  their  seat  belts.  Of  those  asked,  an  average  of  19% 
said  they  did  not  use  their  seat  belt  often.  This  response  varied 
from  15  to  24%  among  the  four  metropolitan  areas.  It  also  appeared 
that  the  proportion  of  respondents  claiming  to  use  their  seat  belts 
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often  was  higher  for  the  Rabbit  owners  (87%)  than  for  the  Toyota  or 
Chevette  owners  (79%)  contacted  in  this  program. 

In  the  course  of  the  Hardware  Identification  Program,  only  two  (2)  of 
the  some  200  owners  having  no  complaints  about  their  seat  belts  could 
be  persuaded  to  exchange  their  seat  belts.  Thus,  the  effective  pool 
for  seat  belt  selection  are  those  respondents  who  would  use  their 
seat  belts  often  and  who  had  complaints  restricting  the  usefulness  of 
their  seat  belts.  These  complaints  could  be  classified  as  either 
readiness  problems  or  reliability  problems.  In  the  sense  used  here, 
a readiness  problem  means  that  the  belt  is  excessively  difficult  or 
uncomfortable  to  use.  A reliability  problem  means  the  seat  belt  has 
essentially  failed  or  is  not  capable  of  restraining  the  occupant  if 
use  of  the  seat  belt  is  attempted.  Table  5.17  indicates  that  an 
average  of  5%  (3  to  10%  among  the  four  areas)  of  the  seat  belt  users 
had  seat  belts  with  reliability  problems. 

Chevettes  appeared  to  have  an  average  failure  rate  of  8%  (4  to  26% 
among  the  four  areas)  of  seat  belt  users  which  seems  higher  than  for 
Coronas  and  Rabbits,  but  not  conclusively.  The  average  percentage  of 
users  having  any  complaints  is  34%  (25  to  48%  among  the  four 
areas).  Again,  Table  5.17  indicates  an  average  ranking  of  vehicle 
types  but  with  inconclusive  results  due  to  the  variations  between 
metropol itan  areas. 

For  comparison  of  the  complaint  rates  and  failure  rates  of  automatic 
versus  manual  seat  belts,  only  the  population  of  VW  Rabbits  contained 
sufficient  numbers  of  both  manual  and  automatic  seat  belts  over  the 
range  of  model  years  studied.  To  compensate  for  a possible  disparity 
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in  ages  of  manual  and  automatic  seat  belts,  separate  counts  are 
provided  the  75/76  model  years  and  the  79  model  year  belts  (Table 
5.18).  In  addition,  the  percentages  of  nonuse  among  all  respondents 
and  percentages  of  complaints  and  failures  among  users  are  given  as 
an  average  with  the  minimum/maximum  percentages  shown  underneath  from 
among  the  4 metropolitan  areas  studied. 

From  these  percentages  on  Table  5.18,  it  appears  that  the  automatic 
belts  generate  fewer  complaints  and  fewer  failures  than  manual  belts 
on  VW  Rabbits.  Age  does  not  seem  to  be  a factor  to  change  this 
conclusion.  However,  possible  changes  in  quality  control  can  not  be 
ruled  out.  In  the  case  of  VW  Rabbits,  the  most  likely  explanation  is 
that  with  fewer  components  than  for  manual  belts,  automatic  seat 
belts  have  less  to  malfunction  hence  fewer  complaints  and  failures. 
As  expected,  Table  5.18  indicates  a drop  in  nonuse  of  seat  belts  from 
17%  to  6%  on  average  among  respondents  having  automatic  seat  belts 
compared  to  those  with  manual  seat  belts. 

In  the  case  of  the  Toyota  Coronas,  the  automatic  shoulder  belt  has 
the  added  complexity  of  the  electric  motor,  linkage,  and  guide  rail 
system  to  contribute  exposure  to  malfunctions.  As  noted  from  Section 
3.2,  the  expected  reliability  of  the  electric  motor  itself  should 
contribute  on  the  order  of  only  one  to  three  breakdowns  in  5 years 
among  1000  vehicles  and  hence  not  contribute  to  a readiness  problem 
rate  of  20  to  40%  in  a 5 year  period.  Nevertheless,  the  linkages, 
guide  rail  systems,  and  attachments  to  the  webbing  when  added  to  the 
electric  motor  do  add  enough  exposure  to  malfunction  to  expect  the 
same  order  or  readiness  complaints  in  automatic  belts  as  in  the  manud 
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belts  in  the  Toyota  Coronas  considered  here.  While  adding  additional 
exposure  to  malfunction  as  a source  of  owner  complaint,  the  lap  belt 
in  the  Toyota  Corona  does  provide  a back  up  system  for  use  when  the 
shoulder  belt  is  out  of  service  awaiting  repair. 

If  the  434  seat  belt  users  with  complaints  are  counted  against  5805 
vehicle  owners  identified  by  R.L.  Polk  and  Company  for  the  four 
areas,  then  the  pool  for  seat  belt  selection  is  only  7%  (5  to  14%)  of 
the  target  population.  Of  these  434  vehicles,  only  26  were  brought 
in  for  acquisition  of  41  used  seat  belt  systems  for  retractor 
displacement  and  component  strength  testing.  No  more  than  2 of  the 
858  respondents  having  no  complaints  could  be  persuaded  to  bring  in 
their  seatbelts  for  the  total  of  28  vehicles  providing  43  used  seat 
belt  systems  subjected  to  strength  and  retractor  displacement 
testing. 
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TABLE  5.1 


Retractor  Acceleration-Displacement  Tests 


Vehicle VW  ~Rakbit 


model  year 
City 
est  ID 

is 

Denver 

jt 

75 

Hoeittn 

WtMA 

St 

15 

Haasten 

mtomutiC. 

31 

1C 

La*  Ampl* 

43 

7? 
* 1 

7? 

isp& 

So 

7? 

Denver 

46 

1? 

Hamster) 

auUmeac 

47 

17 

Hants* 

NEW 

SI 

trial*  1 

.5CZS 

1.6150 

.7500 

.4375 

SJi-S 

.6250 

112.50 

.6250 

.7500 

.7 500 

Z 

1.  0000 

.6ZS0 

1.0000 

.7500 

.5625 

l.oooo 

1.2506 

.5000 

.5ooo 

1.4575 

3 

.6250 

X250 

.6*75 

.4375 

/.  0000 

.6250 

.6875 

.5000 

.Sooo 

.6Z7S 

4 

A375 

.6250 

.6875 

.5625 

.5625 

.6250 

.8125 

.5000 

Sooo 

.4515 

S 

.3125 

.6250 

.1500 

.5ooo 

.562*7 

.6875 

1.4375 

.1375 

Sooo 

AS!  5 

c 

,3J25 

XV 5 

.7500 

.5000 

2.8 125 

.6250 

.8/25 

1.3750 

.5625 

.6250 

7 

.8750 

.6*75 

.7 500 

.4375 

WS 

.7500 

.7500 

1.3750 

.5000 

.5625 

% 

.5*25 

.6250 

.1500 

.5000 

2.0000 

.3/25 

,5ooo 

.1375 

.5625 

.6250 

7 

.8750 

.6175 

.6350 

.5625 

>875 

.6250 

Sooo 

.SOOO 

SOOO 

1.7500 

.87 SO 

.6875 

.6875 

.5625 

.7 500 

.6*75 

,5ooo 

2.2500 

5625 

.5625 

11 

l.oooo 

.6250 

.7500 

.5000 

.7500 

.6375 

.8tl5 

.1375 

.5000 

.4575 

It 

1.0000 

.6375 

.1500 

.8125 

1500 

.6250 

.1375 

.1375 

.5625 

.3125 

IS 

1.0000 

.6875 

.7500 

.1375 

1505 

.2H5 

.1375 

.1375 

, Sooo 

.6*75 

j4 

1.5000 

.6250 

.1500 

ft 50 

.3 750 

1.1250 

1.0625 

.5000 

.5000 

.6250 

iS 

.2375 

.8/25" 

.6150 

.5000 

.7500 

.7 5oo 

1.06  25 

.1375 

.5000 

.6250 

it 

1.5000 

.6*75 

.7 500 

.5625 

.7 500 

.3u5 

1.0625 

.6875 

S625 

.6250 

n 

10060 

.7500 

.7500 

.4375 

ISO* 

.7500 

112  SO 

2.7500 

.5000 

. 8750 

it 

l.  0000 

.7500 

.7500 

.5615 

.1500 

.8125 

H1S0 

.1375 

.5000 

.7500 

it 

. 6zso 

.7 500 

.7 500 

.8750 

.5625 

.8/25 

.7500 

.1375 

.5000 

.562S 

IS 

.1250 

.3/15 

.1500 

.6375 

.6  VS 

.6250 

.7 500 

.1375- 

.5000 

.6250 

Vehicle 

curette 

lay  °ta 

Corona 

made I year 

1C 

1C 

NEW 

17 

V 

c.tty 

Thotnix 

Denver 

— 

LosAnples 

LosAryJn 

*a t IV 

21 

32 

33 

Zl 

22. 

trial*  / 

.5000 

.6875 

2.1250 

All  displacements  of  iwehhino 

.6250 

.5625 

z 

.5615 

.8/25 

Z.VSO 

from  retractors  before 

. 5625 

.5625 

3 

.5625 

.4375 

1.4315 

termination  lay  pendulum  or 

.5625 

.1500 

4 

.5625 

.1375 

1.3 125 

inertial  wheel  Catch  are 

.5625 

.7 500 

s 

.6250 

.5000 

.5000 

measured 

in  inches 

S£z5 

.7500 

6 

.6250 

.5000 

.5000 

.5615 

.7500 

7 

.6150 

.5ooo 

.5615 

.5625 

.1500 

1 

X2S0 

.5000 

.5625 

.5615 

.1500 

1 

.6250 

.5000 

.2500 

.5625 

.7500 

10 

.6150 

.Sooo 

.StlS 

.562S 

.7 500 

il 

.6 ISO 

.5000 

.5625 

.6250 

.8/25 

it 

.6150 

.5ooo 

1.0000 

.1375 

.8125 

13 

.68  IS 

.5000 

.6150 

.62  SO 

.8125 

14 

.6875 

.5000 

.5615 

.6150 

.8125 

IS 

.6575 

.5000 

l.  0000 

.5615 

.3 125 

It 

.6575 

.1515 

.5625 

.6250 

.8125 

rr 

l./t7S 

.5000 

.6150 

-5625 

.tits' 

it 

.5625 

.5000 

.6250 

.3125 

.8 ns 

n 

.6150 

.5000 

.6250 

.6250 

.8/25 

to 

.5625 

.5000 

.6250 

.6250 

.8/25 

failure 

Analysts 

Associates 

FAA-82-2- 14 
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TABLE  5.2 


Statistics  From  Retractor  Acceleration-Displacement  Tests 


C.3.T>m,\S 
Z-Z3-9Z.  ' 

AJW734  aemtlmits 

JJ,  9o47 


£st. 

Test 

Seatbelts  from  which 

Sample 

degree 

(jfitfmelric 

mean 

(Indies) 

X 

mean  <4 
log 

Standard 

deviation 

sezi 

"Retractor  component 
system s obtained 

e 7^1- 

4 ipkeemeiit 

In  x 

o*  log 

teplaamatts 

belt 

No 

5IZ£ 

n 

Af 

design 

36 

UWTRaLW:  IS  Denver 

20 

n 

.5413 

-.1722 

.31 4841 

Automate. 

38 

75  hooifcn 

20 

17 

.7062 

-.3478 

.217775 

39 

75  Houston 

20 

17 

.7374 

-.3044 

.093540 

automatic 

43 

74  LasAajtks 

20 

19 

£813 

-.5425 

.252366 

4? 

77  bsAajeie 

20 

/9 

.7222 

-.3/72 

.45  3 965 

atonal*. 

5(5 

77  lasAnjdej 

20 

19 

Ml 

-.4054 

.305254 

au&notk. 

within  units 
mean  squares 
Summed 

44 

77  Denver 

20 

I? 

.5430 

-.1414 

.304988 

47 

77  Houston 

20 

19 

.8855 

-J216 

.420632 

automate. 

48 

79  Houston 

20 

19 

£255 

-.4434 

.098496 

auTostilk. 

over  10  units 

5/ 

NEW 

20 

19 

4465 

-.4363 

.38555/ 

£02905 

75/76  All 

80 

79 

.7/04 

-.3419 

.263438 

79  — A 17 

/Od 

99 

.72// 

-.3270 

.40433/ 

All 

200 

199 

.7090 

-.3439 

.352840 

29 

Chevett®  74  Phoenix 

20 

19 

.6336 

-.4563 

.170/21 

mean  squares 

Summed, 
over  3 units 

32 

*34  Denver 

20 

19 

.5504 

-.5963 

.224718 

33 

NEW' 

20 

19 

.7360 

-.3065 

.561/85 

AU 

40 

59 

.6354 

-.4532 

.375878 

21 

"Toyota.  77  lasAngeks 
77  lutwqeles 

20 

19 

.58/4 

-.5423 

.184  706 

mean  aouars! 
*v#*T5?fC3 

22 

20 

19 

.7585 

-.2764 

.107318 

4)4420% 

All 

40 

39 

.6441 

-.4094 

.202323 

4 

ANOVA 


Sum  of  Squares 

SSbZ'JZ.S;* 

degrees 
fr Mbom 

df-Zsdf. 

mean 

square. 

MS=SS/jf. 

Geometric 

Mean 

(incites) 

X 

sta#i  <iand 
deviate 
<3+  tO% 

diSp}*a*n*r)h 

VWPabbft 

24.774717 

17.553565 

199 

170 

.1027135 

£201220 

.7090 

—*r~ 

.826463 

Total  on  data  set  as  a wh«le 
Total  within  units 
between  units 

5.22  1152 

9 

Sum  of  within  and  between  units  variances  to  compEt  rdoklity 

.6830415 

.Cbevetta 

2.3357720 

7.4727708 

59 

57 

.1314560 

.4213906 

.6354 

.743537 

Total  an  data  set  as  a whole 
Total  ivitAin  units 
Between  units 

.242 1212 

2 

Sum  of  witiun  and  between  units  variances  ta  compute  rtliMity 

.5528466 

Tbvota  Corona 

1.5964493 

.88938/6 

39 

38 

.0234048 

.7070677 

.6441 

.254617 

Total  on  data  set  as  a whole 
Tata]  within  units 
Between  units 

.7070677 

~T~ 

Sum  of  wi/iin  and  belmeet  units  variances  td  compute  reliability 

.1304125 

Failure 

Analysis 

Associates 

FAA-82-2-14 
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TABLE  5.3 


Computation  of  Retractor  Displacement  Failure  Probability 


C.S.'&avtS 

z-zs-ec 

tJHTSAs&tbdtS 
-J*  ?047 


Vehicle  znd  Seatbelt 
designs 

standard 
deviation 
of  lag 
displacements 
O' 

failing 
or  limit 
displacement 

*t 

geometric; 

mean 

Jiipl'tement 

*2 

lognormal 
1 statistic 

Estimated 

probability 

ta-.lure 

?Ji 

VW  "Rabbit  manual  And 
automatic 

seatbelts 

.326443 

assume 

5 

Inches 

.10<)0 

inches 

2.363 

.00  W4 

Chevette  manual 

seatbelts 

.743537 

assume 

5 

inches 

.4354 

inches 

2.774 

.00274? 

Toyota  dual  manual 

J Corona  seatbelts 

.354477 

assume 

5 

inches 

.644/ 

incites 

2.342 

.009083 

Toyota  pre  7*)  manual 

Corona  and  automatic 

Seatbelts 

Assunie 

an  avera 

ye  of-  ~Ralolo 

t and  Cheveb 

pa  behavior 

.734094 

5 

inches 

.Q1Z2> 

indies 

2.552 

.005 355 

Failure 

Analyse 

Associates 

FAA-82-2-14 
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TABLE  5.4-1 


Laboratory  Strength  Tests  of 
Seatbelt  Systems  and  Subsystems 


«L2 


seat 

bdf 

Lab 

test 

HO. 

vehicle. 

floor 

£joor  * 
n*£ncUf 

badrie 

buckle 

buckle 

shoulder 

HZZZeF 

r&ncTor 

rsr 

drivers 

sestUt 

seat- 

-belt 

Detlyi 

Identified 

b if  , 

aictUni* 
Jis pheemtn 

run 

model 

year 

City 

retract* 

B«c3<Ie 

Wabbing 

attach 

Well*n$ 

assembly 

Clear. 

attach 

refractor 

bltUla 

Webbinp 

Component 

failure 

1 

Toyota 

corona 

74  AasAnjeie* 

2)150 

3500 

(3500) 

3500 

(3500) 

( 1150 ) 

1750 

driver 

manual 

l vehdinj 

2 

7-#  Z«An^ 

4150 

(4150) 

- 

- 

- 

2/00 

(2100) 

driver 

manual 

retract*- 

2 

74  LosAnyoltS 

3440 

(3600) 

- 

— 

— 

(noo) 

1700 

driver 

manual 

retracUr 

4 

74  LtsAnyaks 

(2550; 

2550 

- 

- 

- 

0‘5o) 

1650 

driver 

manual 

retractor 

6 

74  Lm  Assies 

4400 

3150 

(4250) 

4ZSO 

(4250) 

(l550) 

1550 

driver 

manual 

retractor 

7 

7<f  rLdiA^4»j 

4450 

(4450) 

3200 

3200 

(3200) 

1750 

(1150) 

(fass 

'driver 

manual 

retractor 

8 

74*-LmAhj4« 

(2400) 

(3400) 

3400 

3400 

(3400) 

1300 

(1800) 

manual 

retractor 

7 

74  rLnsAnjde* 
74LUsA»1*4s 

3750 

3350 

(3600) 

3600 

(3600) 

2100 

(2100) 

/•driver 
( pass 

manual 

tiavr  mantis 

/O 

2100 

3150 

(3100) 

3100 

(3700) 

(25oo) 

2500 

manual 

fiaarmtu^} 

5 

74  Vhoenin 

4000 

(4000) 

(3200) 

3 200 

(22OO) 

(noo) 

1/00 

driver 

manual 

H/A 

// 

75  Denver 

3300 

(3100) 

- 

— 

— 

1450 

(2450) 

pass 

manual 

h/A 

n 

«r 

74  b 

PJioenU 

3350 

(3350) 

(4/70; 

4/70 

(4  no) 

2200 

( 2200 ) 

/ driver 
(pass 

manual 

Xe£6vde1Lj 

IS 

Pkeenl* 

3400 

(2400) 

(340o) 

(3600) 

(3600) 

(2500) 

2500 

manual 

VtShhfctf 

rz 

* r 

76  *■ 

Danver 

4050 

(4050) 

- 

— 

— 

2110 

(2110) 

/ driver 
( pass 

manual 

retractor 

13 

Denver 

4250 

(4250) 

— 

— 

— 

2400 

(2 400) 

manual 

retractor 

14 

74 

Denver 

3550 

(2550) 

— 

- 

— 

2500 

(2500) 

driver 

manual 

refractor 

IS 

76  r 

74 L 

Denver 

3 450 

(3450) 

— 

- 

— 

2300 

(2  too) 

/driver 

manual 

retractor 

/6 

Denver 

3700 

(37 00) 

— 

— 

— 

2400 

(2600) 

(pass 

manual 

retractor 

17 

7?  rLasAnydes 
IS  ^-LosAnjtles 

— 

3300 

(3200) 

(3300) 

(3300) 

2300 

(2300) 

/ driver 
(pass 

manual 

retractor 

20 

— 

37 00 

(3700) 

(3700) 

(3700) 

2350 

(2350) 

manual 

retractor 

21 

7? 

77  ^-LosAnjol*} 

3400 

(3600) 

(3750) 

(3750) 

3750 

M/A 

/driver 

(pass 

dual 

refractor 

¥v 

22 

3400 

(2400) 

(3750) 

(3150) 

3750 

** 

dual 

retractor 

* 

22 

S/Ebl  pr*71 

3100 

(3100) 

4100 

4100 

(4/oo) 

2550 

(2550) 

— 

manual 

-none- 

24 

N£U/  pna77 

2700 

(2700) 

(4050) 

4050 

(■ '4050 ) 

2500 

(2500) 

- 

manual 

— none- 

2S 

HEU  f** 77 

3750 

(3750) 

— 

— 

— 

2 300 

(2300) 

— 

manual 

— n#ne- 

26 

MEW 

r*7i 

3400 

(3  Coo) 

(44oo) 

4400 

(4406) 

2200 

(zsoo) 

manual 

-none- 
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TABLE  5.4-2 


Laboratory  Strength  Tests  of 
Seatbelt  Systems  and  Subsystems 


page  2.et  2 


Seat 

belt 

& 

NO. 

veiii  tie 

~Retfaior 

retractor 

3ucl<le 

buckle 

ts  floor 
attack 

^ttahle 

buckle 
assembly 
Floor  J 

attack 

Second 

F]oer 

attach 

p*rr 

drwsr'3 

Seatbelt 

Seatbelt 

design 

Identified 

Competent 

failure 

tJU 

Aispltcemt 

mat 

run 

ma<l£j 

year 

City 

34 

75  rDenv&r 

tiso 

3500 

(5000) 

5000 

(5000) 

(3500) 

/ driver 

retractor 

* 

37 

75  Lp enver 

1350 

5100 

5006 

(5000) 

(5000) 

3500 

(pas server 

retractor 

40 

75 

■Denver 

-335<r 

3550 

5150 

(5150) 

(5150) 

(3550) 

r driver 

retractor 

41 

75 

■Denver 

3A5TT 

3350 

(5200) 

5200 

(5200) 

(3350) 

(passenger 

retractor 

2% 

75 

-Houston 

2350 

3350 

4400 

n/a 

(33 50) 

N/A 

/driver 

passive 

Pet, Buckle 

*r 

37 

75 

Houston 

3500 

3150 

(3150) 

n/a 

(5150) 

N/A 

^ oatSSe&Q&r 

passive 

Bat, Buckle 

* 

42 

1C  rLos  Angelas 

1500 

3150 

— 

— 

— 

(3150) 

/ driver 

retractor 

43 

1C  i-LosAnpeles 

IC50 

3800 

— 

— 

— 

C 3800 ) 

(passenger 

retractor 

* 

44 

\1C 

Denver" 

3300 

— 

— 

— 

(33 00) 

driver 

retractor 

45 

77  Phoenix 

-2AOCT 

3300 

— 

— 

— 

(3300) 

driver 

Bdyijjad&o J 

4 7 

\lf  r Los  Angeles 

3450 

3450 

4200 

N/A 

(4200) 

N/A 

/ driver 

passive 

retractor 

Or 

50 

79  1 Los  Angelas 

3500 

3500 

4550 

N/A 

(4550) 

N/A 

(passenger 

passive 

retractor 

* 

44 

79  Denver 

^ 46<r 

4400 

— 

— 

— 

(4400) 

driver 

retractor 

* 

41 

71  r 

Houston 

2150 

3100 

3150 

N/A 

(3150) 

N/A 

/driver 

passive 

retractor 

* 

48 

79  L 

Houston 

3150 

3550 

4250 

N/A 

(4250) 

N/A 

J w j 

passive 

retractor 

* 

SI 

NEK/ 

4050 

3400 

— 

— 

mm 

(3400) 

— 

—none- 

52 

NEW 

1300 

3150 

4 450 

(4 450) 

(4450) 

(3150) 

- 

— none  - 

53 

NEW 

2000 

3C00 

4450 

n/a 

(4450) 

N/A 

— 

passive 

-none- 

passive 

- auto* 

at!  e. 

It  design  s 

OJnavette 

22 

\1C  Los  Angeles 

2100 

(3200) 

(3200) 

(3800) 

(ZIOO) 

driver 

retractor 

30 

1 1C  Los  Angelas 

3550 

3300 

(3800) 

(3800) 

(3800) 

(3860) 

driver 

retractor 

27 

1C  Thaenlx 

33300" 

3200 

(3800) 

3206 

(3800) 

(3866) 

driver 

frayed  6dts 

21 

\1C 

Phoenix 

3 300 

3300 

(3300) 

(3300) 

(3300) 

(4150) 

driver 

retractor 

* 

31 

ic  r 

Denver 

-3200 

3100 

3450 

(3450) 

(3450) 

4100 

/driver 

retractor 

32 

i(X 

Denver 

3500 

3400 

3100 

(3100) 

(3100) 

(3400) 

(passenger 

retractor 

* 

33 

NEW 

3400 

4100 

(3650) 

3450 

(3450) 

(4160) 

— 

-none  — 

* 

34 

NEW 

4S50 

4000 

(3450) 

3450 

(3650) 

(4000) 

- 

- none  — 

35- 

NEW 

— 

(4000) 

(4000) 

4000 

(4000) 

n/a 

- 

passive 

- none- 

35.; 

NEW 

(33 50) 

(3350) 

3350 

(3350) 

N/a 

passive 

- none— 

Notes'.  /.  Loads  are  measured  in  lbs 

2.  Bracketed  numbers  anr  censor  levels  at  uAtdi  increasing  lead  stepped  duett  failure  elsewhere, 
3 Crosscut  numbers  represeat  loads  on  jammed  components  whose  strength  thus  n<4  Zested 

4.  N/A  indicates  component  not  part  of  seatbelt  design  hence  doesn  t exist / 

5.  asterisks!*)  ara  estimated  seatbelt  identities  of  acceleration/ displacement  tests 
4.  linked  seatbelts  represent  seatbelts  taken  from  the  same  vehicle 


failure 

Analysis 

Associates 

FAA-82-2-14 


TABLE  5.5 


Statistics  From  Laboratory  Strength  Data  to  Analyze  Loss  of  Strength 


C.S.JPavis 

Z-/0-T2.  „ .. 
NHTSA  SmaOelts 

9047 


item 

x-2x/ti 

u4i«re^  s / _ effect; ve  Sample  size. 

"Wf  cAnsonA  observations  uV«i4l»t Ad 

Sample 

iJL&jUU 

effective 
degree,  of 

dt 

sample 

mean 

X 

standard 

deviation 

S 

I 

VIa/  -Kabfait 

7?e  tractor-  • HE  t*/ 

3 

2 

2616.67 

1245.32 

2 

7?  Houstat/ Los  Angeles 

4 

3 

33  12.50 

3(7.231 

3 

75/74  H<nuta»/u>s  Angeles 

4 

3 

2315.00 

763.068 

4 

75774  All 

<4 

5 

2133. 33 

855.760 

5 

driver-  passenger  matched  fairs 

S’ 

4 

-500.00 

462.331 

4 

2 et/Hcor  WedtNZW 

3 

2 

3650.60 

272.328 

7 

7?  Hoaston/ias  Angeles 

4 

3 

3600.00 

71.2271 

3 

IS/ 'tC  H^ist*n/Los  Angeles 

4 

3 

3512.50 

3\4.516 

1 

75/74  A 77 

7 

3 

3650.  oo 

573.075 

10 

driver  - passenger  matched  pairs 

4 

5 

-155.333 

112.332 

11 

Suckle.  iNEW  ~ 

2 

1 

4450.00 

0 

12 

77  Houston /Los  Angles 

4 

3 

4 l 37.50 

330. 028 

13 

A17  passive  seatbelt  budrlQ 

7-  6+1 

5.000 

4300.02 

313.603 

i4 

All  manual  seatbelt  budr let 

5=31-2 

3.037 

5402.66 

727. 108 

IS 

driv^-passatger  passive  pairs 

3=2+1 

1.000 

- 425.000 

106.066 

16 

Chevette 

Retractor  Z NEW 

2 

1 

4225.00 

883.883 

17 

74  477 

3 

2 

34  50.  00 

132.282 

1* 

2et/Flo«r  Wed  Z NEW  a"Ir7 

2 

1 

4050.00 

70.710  7 

1? 

74  All 

6 

5 

3433.33 

354.475 

20 

24 

$udAc/p]ttr Web  S N E W 

2 

l 

3650.00 

0 

21.5 

NEW  ( passive  only; 

2 

I 

3675.00 

457.61 7 

ToyoCa Ctf npna\^  76  AM 

6*1+5 

.757 

3317.76 

24  J 17  5 » 

22 

FToorfathulor  J NEW 

4 

3 

3321.50 

476.151 

23 

74  Denver- 

5 

4 

3200.00 

337.116 

24 

74  Las  Arises 

7=1+Z 

6.077 

4004. 04 

337.624 

25" 

74/74  A 77 

13=16+2 

15.163 

3262.15 

330.225 

26 

driver-  passenger  matched  pairs 

5=4+1 

3.000 

- 112  .426 

242.7%  5 

27 

RetfBudrleWeb  Zdrfvers  4 matched  pairs 

6*2+4 

2.335 

3710.57 

571.730 

n 

passengers  of  matched  pairs 

6=2+4 

2.747 

4631.06 

11 71-  Q7 

27 

JbucJtle  S NEW 

3=1  + 2. 

.316 

4265.72 

717.744  - 

30 

74  Los  Angeles 

6*2+4 

2.757 

4237.07 

7/4. 113 

31 

74/74  All 

7=2+7 

3.603 

4732.61 

1170.20 

32 

drivers  of  matched  pairs 

4=1+3 

l.OZl 

1236.62 

3743.30  • 

33 

passengers  of  matched  pairs 

4 = 1 + 3 

1.0  22 

2777.74 

5245.(2  m 

3 4 

3tick\e/sttachldehZ  NEW" 

3 

2 

4123.33 

127.277 

35 

74  Los  Angeles 

6 

5 

3602.33 

358.353 

36 

74/74  A 77 

7=31-1 

7.607 

3664.  77 

401.  030 

37 

drivers  of-  matched  pairs 

4=3+1 

2.212 

3757. 20 

322.157 

33 

passengers  of  matched  pairs 

4 = 2+2 

2.17  7 

3741.30 

435.352 

3? 

Shoulder 'RetnulcrZ  NEW 

4 

3 

2531.50 

205.647 

4o 

16  Denver 

5 

4 

2422.00 

255.186 

4/ 

74  Los  Angeles 

7=4+5 

4.307 

2163.27 

222.677 

42 

74/74  A 77 

7841+7 

12.105 

2347.14 

315.443 

P 

driver- passe/yer  matched  pairs 

4=4+2 

4.5  SZ 

- 232.242 

277.660 

20.5 

■^a^Li/FW  Wet:  NW(«a«u«l  *»i  passive) 

4 

J 

3662.50 

265.754 

Note;  passive  - auTomalic  seatbelt  design 
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TABLE  5.6 


ROUTINE  CENjOR  ESTIMATES  MEAN,  STANDARD  DEVIATION  AND  DEGREES  OF  FREEDOM 
FOR  NORMALLY  DISTRIBUTED  DATA  WHICH  IS  CENSORED  AT  SEVERAL  LEVELS 
(MULTI-LEVEL  TYPE  1 CENSORING) 

$$$  RABBIT  EUCKLE  ALL  MANUAL  BELTS 
NUMBER  OF  UNCENSORED  SAMPLE  VALUES  N= 

NUMBER  OF  CENSOR  LEVELS  LEVELS= 

MAX  NUMBER  OF  ITERATIONS  ALLOWED  LMTRY= 

ERROR  TO  SIGNAL  CONVERGENCE  ERLIM=0 

UNCENSORED  SAMPLE  VALUES: 

0 . 445000000  + 04  0 .595000000  + 04  0 .500000000  + 04 

CENSORED  DATA 


3 

O 

fm 

40 

. 1 OOD-07 


GROUP  CENSOR  LEVEL 

1 0.5C00000D+04 

2 0 .50000000+04 


NUMBER  OF  HIDDEN  VALUES 
1 
1 


$$$  RABBIT  BUCKLE  ALL  MANUAL  BELTS 
CONVERTED  DATA  FOR  WHICH  TERMS  TO  BE  COMPUTED: 


UNCENSORED  VALUES: 

-0 .445000000+04  -0 .59500000D+04  -0 .500000000+04 

CENSORED  DATA 


GROUP  CENSOR  LEVEL 

1 -0 .52000000+04 

2 -0.5000000D+04 


NUM3ER  OF  HIDDEN  VALUES 
1 
1 


FOR 

UNCENSORED 

DATA,  N=  3 

AVERAGE—  .51  3333D  + 04 

EMS  = 0 . 383839D+06 

INITIAL:  MEAN— 

.51 2000D+04 

STD 

DEV=0.537096D+03 

FOR  2 CENSORED 

VALUES  AT 

2 LEVELS 

IN 

5 TOTAL 

SAMPLES 

TRY 

t 

MEAN- 

.526599D+04 

STO 

DEV=0 .6551 15D+03 

ERROR=0. 146D+03 

EFFECTIVE 

NUMBER= 

1.318 

IN 

2 

CENSORED 

TRY 

2 

MEAN— 

. 534089D  + 04 

STD 

DEV=0.699921D+03 

ERROR =0.7490 +02 

EFFECTIVE 

NUMBER: 

1.164 

IN 

2 

CENSORED 

TRY 

3 

MEAN— 

. 537595D+04 

STD 

DEV=0 .7174710+03 

ERROR=0.351D+02 

EFFECTIVE 

NUMBER: 

1 .095 

IN 

2 

CENSORED 

TRY 

4 

MEAN— 

. 5391 62D+04 

STD 

DEV=0.724140D+03 

ERROR=0 . 1 57D+02 

EFFECTIVE 

NUMBER: 

1 .063 

IN 

2 

CENSORED 

TRY 

5 

MEAN— 

.5398350+04 

STD 

DEV=0. 7264910+03 

ERROR=0. 6730+01 

EFFECTIVE 

NUMBER: 

1 .049 

IN 

2 

CENSORED 

TRY 

6 

MEAN— 

.5401 1 2D+04 

STD 

DEV=0.727200D+03 

ERR OR =0. 27 7D +01 

EFFECTIVE 

NUMBER: 

1 .043 

IN 

2 

CENSORED 

TRY 

7 

MEAN— 

.54021 9D+04 

STD 

DEV=0. 7273350+03 

ERROR=0. 1070+01 

EFFECTIVE 

NUMBER: 

1 .040 

IN 

2 

CENSORED 

TRY 

8 

MEAN— 

. 540257D+04 

STD 

DEV=0. 7273010+03 

ERROR  = 0. 3790  + 00 

EFFECTIVE 

NUMBER: 

1 .039 

IN 

2 

CENSORED 

TRY 

9 

MEAN— 

.5402630+04 

STO 

DEV=0 .72723SD+03 

ERROR=0 . 1 1 3D+00 

EFFECTIVE 

NUMBER: 

1 .039 

IN 

2 

CENSORED 

TRY 

1 0 

MEAN— 

.5402700+04 

STO 

0EV=0. 7271870+03 

ERROR=0.514D-01 

EFFECTIVE 

NUMBER: 

1 .039 

IN 

2 

CENSORED 

TRY 

1 1 

MEAN— 

.5402700+04 

STD 

0EV=0 . 7271 52D+03 

ERRCR=0. 3420-01 

EFFECTIVE 

NUMBER: 

1 .039 

IN 

2 

CENSORED 

TRY 

12 

MEAN— 

.5402690+04 

STD 

DEV=0.727132D+03 

ERROR=0.205D-01 

EFFECTIVE 

NUM3ER= 

1 .039 

IN 

2 

CENSORED 

TRY 

13 

MEAN— 

.5402680+04 

STD 

DEV=0.727120D+03 

ERROR=0.1 15D-01 

EFFECTIVE 

NUMBER: 

1 .039 

IN 

2 

CENSORED 

TRY 

14 

MEAN— 

•540267D+04 

STD 

DEV=0.7271 14D+03 

ERROR=0. 6210-02 

EFFECTIVE 

NUMBER: 

1 .039 

IN 

CENSORED 

TRY 

15 

MEAN— 

. 540267D+04 

STD 

DEV=0 . 7271 1 1D+03 

ERR OR =0. 34 7D -02 

EFFECTIVE 

NUMBER: 

1 .039 

IN 

2 

CENSORED 

TRY 

16 

MEAN  — 

.5402670+04 

STD 

0EV=0. 7271090+03 

ERROR=0 . 1 95D-02 

EFFECTIVE 

NUMBER: 

1 .039 

IN 

CENSORED 

TRY 

17 

MEAN— 

. 540266D+04 

STD 

DEV=0. 7271 090+03 

ERROR=0 . 1 05D-02 

EFFECTIVE 

NUMBER: 

1 .039 

IN 

2 

CENSORED 

TRY 

18 

MEAN— 

.5402660+04 

STD 

DEV=0. 72710 SD +03 

ERROR=0.541D-03 

EFFECTIVE 

NUMBER: 

1 .039 

IN 

2 

CENSORED 

TRY 

19 

MEAN— 

. 540266D+04 

STD 

DEV=0.727108D+03 

ERR0R=0. 2720-03 

EFFECTIVE 

NUMBER: 

1 .039 

IN 

CENSORED 

TRY 

20 

MEAN— 

.540266D+04 

STD 

DEV=0.727108D+03 

ERRCR=0 . 1 33D-03 

EFFECTIVE 

NUMBER: 

1 .039 

IN 

2 

CENSORED 

TRY 

21 

MEAN— 

.5402660+04 

STD 

DEV=0. 7271080+03 

ERROR=0.635D-04 

EFFECTIVE 

NUMBER: 

1 .039 

IN 

2 

CENSORED 

TRY 

22 

MEAN— 

.540266D+04 

STD 

DEV=0.727108D+03 

ERROR=0. 2950-04 

EFFECTIVE 

NUMBER: 

1 . 039 

IN 

2 

CENSORED 

TRY 

23 

MEAN— 

.5402660+04 

STD 

DEV=0.727103D+03 

ERR0R=0 . 1 34D-04 

EFFECTIVE 

NUMBER: 

1 . 039 

IN 

2 

CENSORED 

TRY 

24 

MEAN— 

. 540266D+04 

STD 

DEV=0.727108D+03 

ERROR=0 .587D-05 

EFFECTIVE 

NUMBER: 

1 .039 

IN 

2 

CENSORED 

TRY 

25 

MEAN— 

.5402660+04 

STD 

DEV=0. 7271060+03 

ERROR=0. 2480-05 

EFFECTIVE 

NUMBER: 

1 .039 

IN 

2 

CENSORED 

TRY 

26 

MEAN— 

.540266D+04 

STD 

DEV=0 .7271 03D+03 

ERROR=0. 1000-05 

EFFECTIVE 

NUMBER: 

1 .039 

IN 

2 

CENSORED 

TRY 

27 

MEAN— 

.540266D+04 

STD 

DEV=0.72710CD+03 

ERR0R=0 . 380D-06 

EFFECTIVE 

NUMBER: 

1 .039 

IN 

2 

CENSORED 

TRY 

28 

Mt«N=- 

. 540266D+04 

STD 

DEV=0.727108D+03 

ERROR=0 . 130D-06 

EFFECTIvc 

NUMBER: 

1 .039 

IN 

2 

CENSORED 

TRY 

29 

MEAN— 

.5402660+04 

STD 

DEV=0 . 7271 06D+03 

ERROR=0. 3560-07 

EFFECTIVE 

NUMBER: 

1 .039 

IN 

O 

CENSORED 

TRY 

30 

MEAN— 

.5402660+04 

STD 

DEV=0. 7271080+03 

ERROR=0.220D-07 

EFFECTIVE 

NUMBER: 

1 .039 

IN 

2 

CENSORED 

TRY 

31 

ME  AN- 

. 540266D  + 04 

STD 

DEV=0 . 7271 03D+03 

ERROR=0. 1410-07 

EFFECTIVE 

NUMBER: 

1 .039 

IN 

2 

CENSORED 

TRY 

32 

MEAN— 

. 540266D+04 

STD 

DEV=0.72710SD+03 

ERROR=0. 8280-08 

EFFECTIVE 

NUMBER: 

1 .039 

IN 

2 

CENSORED 

OUT  OF  5 TOTAL  SAMPLED  WITH  AN  EFFECTIVE  TOTAL=  4.039  FOR  3.039  DEGREES  OF  FREEDOM 
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TABLE  5.7 


Analysis  of  Strength  Data  for  Loss  of  Strength  Significance 


C.S.Da^iS 

2.- 

sJHTSA  seatbelts 

J,k>  1o4l 


items 

Compared 

t 

Statistic 

Z] 

J7T* 

freedom 

prvbehilii 
4 wnmj  1 

(zip 

hypdU*! 

(D  -(f) 

- 1.103 

5 

.20* 

<2>  -® 

1.342 

6 

.06 

(D  - ® 

.CIS 

7 

.30 

2.412 

4 

•o4 

.345 

5 

.4 

(2)-® 

.534 

6 

.35 

0 

JO 

.5 

<© 

.544 

5 

.35 

(£)  -<© 

LOCO 

4 

.20 

<g> -G2) 

3.355 

$.037 

.005 

<& 

5.447 

1.000 

.06 

J.C22 

3 

.// 

dD  -© 

2.I3C 

6 

.04 

-.077 

2 

.5 

V°3)-(ZF?) 

-.732 

3.157 

.3* 

© ~(gs) 

-1.523 

7 

.07* 

<zp -<%£) 

-2.533 

7.077 

.01* 

(§> 

-2.310 

12.163 

.01* 

.927 

3.000 

.25 

1.0C2 

5.724 

2 

@-<2P) 

.767 

3.775 

.25 

©-  <£) 

.127 

4.417 

.45 

(5f)-(53) 

.335 

2.043 

.4 

&)-<&) 

2.541 

7 

.02 

2.  IOC 

9.607 

.04 

(5$-($3) 

- 053 

4409 

.5 

®-(3 

.352 

7 

.4 

(5D-® 

2.242 

1.207 

.03 

1.10  7 

15.105 

./5 

I.S3I 

4.721 

.07 

lest 


1 

Z 

3 

4 

5 

6 
7 
2 

9 

JO 

It 


r-  2 items  


u/hile  far-  paired  _ 

observations  we  use  t 3 —X  \Tf\  / 5 


VW  "Rabbit 

"Retractor 


NEW  versus  l?-Homsto*AA 

7?  Houston /lA  versus  75/l6 Houston /i-A 
NEW  versus  75776  All 

driver- passenger  matched  pairs 
Ret/ Floor  W&b 

NEW  versos  7J- Houston/l-A 

77  Houston /lA  versus  15/%  Heeston/iA 

SEW  versus  is/t6  A U 

driver-passenyer  Matched  pairs 

"Buckle. 

NEW  versus  If-Houston/LA 

manual  versos  passive** 

driver- passenger  passive  pairs 


Remarks 


C kevett&  /manual) 
Retractor- 


IZ 


1 3 


14 

— |i4*2| 


NEW  verses  76 -A  17 

"Ret /Floor  b/eb 
NEW  versus  1C- All 

"£>uck]e /Floor  UJejj 

NEW  (manual)  versus  NEW  (passive) 
To^Carona^^NEW  versus  76 -A  11 


IS" 

tc 

n 

is 

n 

20 

21 

22 

23 

24 

25 

26 
27 
22 
21 


Flcor  Retractor 
NEW  versus  1C -Denver 

NEW  versus  -Jd  -Los  Angeles 

NEW  versos  74/76  A 77 

driver - passenyer  matched  pairs 
Ret/Buckle  Web 

drivers  versus  passemers  matched  pairs 

Buckle. 

NEW  versus  74  ■ Los  Anjeles 

NEW  versus  74/76  All 

drivers  versus  passengers  matched  pairs 
Buckle/attack  ]/Jeb 

NEW  versus  74- Los  Anjeles 

NEW  versus  74/76  A 17 

drivers  verses  passengers  Matched  pairs 
S boulder  detractor 
NEW  versus  16 -Uenver- 

NEW  versus  74 -Los  Anjeles 

NEW  versus  74/l£  All 

driver-  passenger  matched  pairs 


data  inadequate. 


ate 


passive  = automatic  seatbelt 
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TABLE  5.8 


Modeling  for  Seatbelt  Subsystem  Cases  Studied 
for  Load-Strength  Reliability 


C. 

2.-H-1Z  . 

NHTsfli  Soothe  its 


lie> m 

Vehicle 

Seatbelt 

type 

Component  failure. 
Consequence  behavior- 

model  for  strength  y 

/ 

Toyota 

'Corona 

Manual 

3oth  belt’s  fail  or  buckle  system 
fails  for  belt  system  failure 

+ SA^/w. 

2 

Toyota 
y Corona 

Manual 

Ueakest  belt  fads  and  other 
still  functions 

l*jy  ~ fei  + ^z  + ’y^s^sd^pass 

3 

Toyota 
' Corona 

redes  lyueJ 
passing. 

manual  lap  belt  of  passive 

System 

% y * 1/3,  * */i% 

4 

Toyota 
r Corona 

redesigned 

passive 

automatic.  shoulder  belt 

'>aM;~  s'f£z~i  *.> 

h y-  'a  * */v  XA  W- 

S 

vw 

"Rabbit 

Manual 

Weakest  Component  fails 
Semi  belt  System 

/<9j  y * 1/3, + * (S*. 

c 

Rabbit 

passive. 

Weakest  Component  fells 
seatbelt  system 

1*3  y-  !/},  + */3, 

7 

T,iu 

redesigned 

passive 

weakest  component  fails 
Seatbelt  System 

Uj  y * !/*>+  */**. 

% 

Cbcvette 

Manual 

passive 

weakest  component  fads 
seatbelt  system 

loj  y = i/3,+  */3z 

1 

Chtvette. 

redesigned 

passive 

Weakest  Component  fads 
Seatbelt  system  . 

'(ctnmoi  lota) 

h > * A ' *A 

Notes:  passive  ~ automatic  seatbelt  design 

Kronecker  delta  =0  for  drive*  side 

$side, pass  = 1 *°r  P*s*enjer  aide 

X - Seatbelt  aje  in  years 
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TABLE  5.9-1 


Both  Belts  Fail  or  Buckle  System  Fails  for  Belt  System  Failure 
Laboratory  Strength  Data  Normalized 
for  Component  Ranking  and  Seatbelt  Reliability  Analysis 


1 


f Marked  far 
L Manual  Systems) 


Notes' I-  Weights  , v* j ; , for  data  are  computed  far  each  i*i  component  using 

H;  » Zi  % / 7 !2£i. 
nr;  / nrU 

where  rip.  = no.  of  fails  which  is  the  number  of  seatbelts  in  which  the  record eJ 

failing  Veit  lead  of  tbe'^Componeit  would  result  in  the  seatbelt  system 


failure  considered  on  the  data  sheet.  . i ■ I -+L  ~ 

risk  which  is  the  number  of  seatbelts  h wL  A the  £ Comment 

was  loaded  sufficient  for  tUe  seatbelt  System  failure  in  Question. 


nr;  - no.  at  risk  which  is  the  number 
was  loaded  Sufficient  " 

2.  p assies  = automatic  seatbelt  design 
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TABLE  5.9-2 


Weakest  Belt  Fails  and  Other 
Laboratory  Strength  Data 
for  Component  Ranking  and  Seatbelt 


Still  Functions 
Normal i zed 

Reliability  Analysis 


z 


f Marked  for- 
(.Ma nual  SysternSj 


Failure 
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TABLE  5.9-3 


Manual  Lap  Belt  of  Passive  System  Represented  by 
Laboratory  Strength  Data  Normalized 
for  Component  Ranking  and  Seatbelt  Reliability  Analysis 


pace  3 cf  ) 

Marked  for 
Passive  System 


kat&kie 
to  floor 
attack 

Webkins 


'i^cide 

aosemky 

floor, 

attach 


shoulder 

refractor 


retractor 

toioudfk 


r? 

driver 

Seat 

holt 


Sestet 

design 


Identified 
iomponmt 
fa dune 


* If 

aadardton 

JtyJmemnt 




-N/A-1 


/ 

2 

3 

4 
C 
7 
? 
7 

/o 

5 

II 

ll 

It 

/2 

/3 

/4 

/S' 

/6 

17 
2 <5 

21 

22. 

23 

24 

25 

26 


74  Z^sAnielcil  3754 
(74  lesAmfks 

14  Los  Anjeles 

74  LosAafksi(z550) 
14  L»sA»5ek}| 

74  rL asAnples 
74  ‘■LuAnpletl 

14  rlos  Ancjdesi 
74  ‘-Las 
74  TUoenix 

15  Denier 


-M/A—H/A— 


passive 


/.  7 
/.7 


1.7 

1.1 


1.0 

- N/A — 


1.0 

•H/A— 


manual 

dual 


(3350) 

(3600) 

(4050) 

(4250) 

(3550) 

(3450) 

(3700) 


TtirLesAnpki 

IS'-bsAnjeks 

1?  rLosAnjelet* 
1?  L-lfs  Anjalia 


0740 

(2/74) 


na.  af  $ai  4/na  rfria^ 
Weights  ford afe 


N04  pm 77  | . 3100  \(3100)  124/21 
NEW  pr*77  KWM(2?00) 

NEW  pm7f  13754  l(375d) 

NEW  ("*  17  W2>ExM(3600) 


7/24 
518  7 


(2382) 

Os-**) 


3/3 

4. 1493 


(205?) 


(2465) 

(2“5) 


0?4I) 

(Z11C) 


(2412) 
(23  3 2) 

(258$ 


pass 

/driver 
^ pass 
r drive 
- pass 

driver 

/■driver 

pass 


mwu uJ 
manual 
manual 
manual 
manual 
manual 
1 

manual 

manual 

Manual 

manual 

manual 

,1 

manual 


driver 
driver 
driver 
driver 
driver 
rf*S 
'•drived  maaua 
r drive 


'v pass 

driver 


1 
1 

manual 
manual 


driver  manual 


•pass 

'drives 

■ pats 


u/alohiny 
retractor 
retractor 
retractor 
retractor 
retractor 
retractor 
floor  mtmJt 
flnr  meads 

n/A 

m/a 

Tet.&vikZoj 

IptQudeTLvf 

retractor 

retractor 

ratrador 

retractor 

retractor 

retractor 

retr^tor 


dual 

dual 

manual 

manual 

manual 

manual 


retractor 

retractor 

-none- 

-aone- 

- none  — 

— ncnO- 


* 


Failure 

Analysis 

Associates 

FAA-82-2-14 


5 - 36 


TABLE  5.9-4 


Passive  Shoulder  Belt  of  Passive  System  Represented  by 
Laboratory  Strength  Data  Normalized 
for  Component  Ranking  and  Seatbelt  Reliability  Analysis 


4 of  1 


Marked  for 
"Passive  System 


seat 

Wit 

Lab 

J vehicle. 

f loor 
retractor 

floT 

retractor 

Ubodrla 

hackle 

buckle, 

aesemky 

floor, 

attach 

akoulds- 

shoulder 

retractor 
to  buckle. 

PS?* 

Seztbdt 

Identified 

model 

bucMe 

attack 

retractor 

design 

Component 

test 

year 

C,V 

l •Jehhitg 

Webbing 

Webbing 

sea? 

Wit 

failure 

ToyoZA 

corona  4 

1.0 

l.o 

mxQUMl 

-N/A- 

mmnmml 

-M/A — 

-M/A — 

Ld*t» 

m#ar 

passive. 

r'S 

Loading  \ 

1.0 

1.0 

1.7 

1.7 

1.7 

1.0 

1.0 

manual 

Factors  ( 

2.0 

l.o 

1.7 

1.7 

1.7 

— N/A— 

-M/A— 

dual 

1 

74  LasAnjeles 

3750 

\&m 

inner 

manual 

V/elobhty 

Z 

74  Los  Angeles 

*S&1 

driver 

manual 

retractor 

3 

14  Les  AnjJes 

eEGJ 

(3400) 

driven 

manual 

retractor 

4 

74  LuAmjJes 

(2550) 

Wd 

driven 

manual 

retractor 

4 

14  LaAnjefej 

-4400 

J3I50 1 

driver 

manual 

retractor 

7 

74  rLtsAngeles 
74  \-Lts  Angela 

(4450) 

(?** 
h driver 

manual 

retractor 

? 

&400M 

$3400)1 

manual 

ns tractor 

1 

74  rLos  Amides 

3150 

fe&jg 

rdrtnn 

manual 

lUrmouit 

10 

74  L Las  Anselm 

37 00 

he a 

(pZSS 

mammal 

liter  moots 

5 

74  "Phoenix 

ZSSA 

£<4a>; 

driver 

Manual 

H/A 

manual 

11 

75  Denver 

3259 

(3W0) 

pass 

N/A 

133541 

17 

™ r 

Phoenix 

(335a; 

/driver 

manual 

Ht.tiuJebg 

/* 

7 4 L Phoenix 

&Q1 

L pass 

manual 

idtKioy 

12 

74  [Denver 

ZlVA 

(445V3} 

/drives 

manual 

retractor 

13 

74  L Denver 

ggaa 

^#25a; 

\ pass 

manual 

retractor 

14 

74  "Denver 

frEvffl 

(3550) 

driver 

manual 

retractor 

/S' 

74  r Denver 

(3450) 

/driver 

mama] 

retractor 

14 

74  ("Denver 

vtm 

(3700) 

L pass 

mama] 

r^baclor 

11 

7?  riasAn^eWj 
7 iLbsAnjeksl 

- 

SE?H 

/driver 

manual 

retractor 

20 

- 

9r£3 

(pass 

manual 

reZr^tor 

Zl 

71  rtw^ayeiej 
71  (tosAngelesl 

/drives 

dual 

retractor 

24 

( pass 

dual 

retractor 

23 

new 

pr»71 

proll 

*3  toon 

(3100) 



manual 

~rtone- 

2 4 

NEW 

(2100) 

- 

manual 

manual 

manual 

-nont.  - 

25 

26 

NEW  pro'll 
MEW  prnll 

■3750  yj 
RSfll 

(3150) 

(3400) 

— 

- none - 
— /tone- 



no. 

affajly'n&jfrfekt 

/4  +5/S2. 

1*5/24 

| Weights  for  dafe[ 

1.0241 

.1412 

* ;f 

aasWafo* 

dtulerearOt 

teat 

run 


EtpfiteJ  'r&ilure  a ~ A^.s 

l.Jd  4 20*  4zoC 


we.\.ltt  z .5 2112,  .2134  =$>.5717  ue.jht  hr  betU 


bfSitJ  on  5"  to  or  retractor  a«d  floor  retrgjjr 

to  buckle  usebbiij  m>m *+iu **  loads 

for  7 A Los  Aajal&s 
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TABLE  5.9-5 


Manual  Seatbelt  System 
Laboratory  Strength  Data  Normalized 
for  Component  Ranking  and  Seatbelt  Reliability  Analysis 


g . 5 a no  8 of  J 

fMarkad  for 
[Manual  Systems! 


Failure 

Analyse 

Associates 
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TABLE  5.9  - 6,8 


Automatic  Seatbelt  System 
Laboratory  Strength  Data  Normalized 
for  Component  Ranking  and  Seatbelt  Reliability  Analysis 
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/ TABLE  5.9  - 7,9 

Redesigned  Automatic  Seatbelt  System 
Laboratory  Strength  Data  Normalized 
for  Component  Ranking  and  Seatbelt  Reliability  Analysis 


P5S 


e 7 and  7 <rf  7 


no.  of  fails/na.  aTrisk 
Weights  fer  data 

E*p*zUJ  fx.Ure  IcjuJ  censertj  l&U  24ZS 

we.^t  = .311  • !24t 


basejm  retractor  te  fleer  or  bucU  l«  M/«bk«fl 

Joadj  «h  W£V  Cbevette  belts 


5 - 40 
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TABLE  5.10 


Least  Squares  Solution,  Analysis  of  Variance,  and  Analysis  of 
Residuals  for  Modeling  Applied  to  Seatbelt  Strength  Data 


EXPERIMENT  DESIGN  CHECK  ♦ LEAST  SQUARE  SOLUTION  OF  LINEAR  EQUATIONS  Y=X*B+ERROR . 
IN  IPRINT(I):  PUT  1 TO  OR  0 NOT  TO  WRITE  INPUT  INSTRUCTIONS 
IPRINT( 2 ) • 1 TO  OR  0 NOT  TO  WRITE  REPEATED  RESULTS 

FOLLOW  EACH  ENTRY  WITH  A COMMA. 

1.  TOYOTA  MANUAL  BELT  — BOTH  BELTS  OR  BUCKLE  SYSTEM  FAILS  FOR  SYSTEM  FAILURE 
FOR  INPUT  INSTRUCTION  IPRINTC 1 )=  0 FOR  REPEAT  RESULTS  IPRINT(2)=  0 
FCR  DIAGNOSTIC  OUTPUT  NPRINT=  0 FOR  THE  MAIN  ROUTINE 

0 FOR  SUBROUTINE  OBSERV 
0 FOR  SUBROUTINE  INVERT 
0 FOR  SUBROUTINE  RESID 

INS=-1  INX=  1 INY=  1 INW=  1 INR=  1 M=  2A  N=  3 


Failure 
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TABLE  5.10-1 


LEAST  SQUARE  SOLUTION  OF  LINEAR  EQUATIONS  Y=X*B+ERROR 

1.  TOYOTA  MANUAL  BELT  — BOTH  BELTS  OR  BUCKLE  SYSTEM  FAILS  FOR  SYSTEM  FAILURE 


ITEM 

WEIGHTING 

ALLOCATION  MATRIX  OF  COEFFICIENTS  X( I 

1 

1.3813 

0.10000E 

01 

0.70000E 

01 

0.00000E 

00 

2 

0.6906 

0. 10000E 

01 

0.70000E 

01 

0.00000E 

00 

3 

0.6906 

0.10000E 

01 

0.70000E 

01 

0.00000E 

00 

4 

0.6331 

0.10000E 

01 

0.70000E 

01 

0.00000E 

00 

5 

1 .3813 

0.10000E 

01 

0.70000E 

01 

0.00000E 

00 

6 

1 .3813 

0. 10000E 

01 

0.70000E 

01 

0 . 1 OOOOE 

01 

7 

1 .3813 

0.10000E 

01 

0.7000CE 

01 

0.00000E 

00 

8 

1 .3813 

0.100C0E 

01 

0.70000E 

01 

0.00000E 

00 

9 

1.3813 

0.10000E 

01 

0.70000E 

01 

0 . 1 OOOOE 

01 

10 

1.3313 

0.10000E 

01 

0.70000E 

01 

0.00000E 

00 

1 1 

0.6906 

0.10000E 

01 

0.60000E 

01 

0 . 1 OOOOE 

01 

12 

1.3813 

0.10000E 

01 

0.50000E 

01 

0.0000CE 

00 

13 

0.6906 

0.10000E 

01 

0.50000E 

01 

0 . 1 OOOOE 

01 

14 

0.6906 

0.10000E 

01 

0.50000E 

01 

0.00000E 

00 

15 

0.6906 

0.10000E 

01 

0.50000E 

01 

0 . 1 OOOOE 

01 

16 

0.6906 

0.1 OOOOE 

01 

0.50000E 

01 

O.OOOOOE 

00 

17 

0.6906 

0.10000E 

01 

0.50000E 

01 

0.00000E 

00 

18 

0.6906 

0 . 1 OOOOE 

01 

0.50000E 

01 

0 . 1 OOOOE 

01 

19 

0.6331 

0 . 1 OOOOE 

01 

0.30000E 

01 

O.OOOOOE 

00 

20 

0.6331 

0 . 1 OOOOE 

01 

0.30000E 

01 

0 . 1 OOOOE 

01 

21 

1.3813 

0 . 1 OOOOE 

01 

0.00000E 

00 

O.OOOOOE 

00 

22 

1.3813 

0 . 1 OOOOE 

01 

0.00000E 

00 

O.OOOOOE 

00 

23 

0.6906 

0 . 1 OOOOE 

01 

0.00000E 

00 

O.OOOOOE 

00 

24 

1.3813 

0.1 OOOOE 

01 

0.00000E 

00 

O.OOOOOE 

00 

ANALYSIS  OF  VARIANCE  BASED 

ON  NATURAL  LOG  OF  OBSERVATIONS 

SUM  SQUARES 

MEAN  SQUARE 

DEGREES  OF  FREEDOM 

0 

. 1 4496E  01 

0 . 69029E-0 1 

0.21000E 

02 

TERM 

ESTIMATES 

INVERSE 

OF 

PRODUCT  MATRIX 

: (X'X)**- 

1 

1 

0.79755E  01 

0.18199E 

00 

2 

-0 . 25534E-0 1 

-0.27533E 

-01 

0 . 60 1 91 E 

-02 

3 

0.71 745E-0 1 

-0.22196E 

-01 

-0.74008E 

-02 

0.22754E 

0( 

CONDITION! MIN  EIGNVAL/MAX  EIGNVAL)  OF  TRIANGULAR  MATRIX:  COND=0.1594E  00 
DETERMINANT  OF  NORMALIZED  INFORMATION  MATRIX-PRODUCT  X'X:  DET=0.1654E  00 

ANALYSIS  OF  RESIDUALS  FOR  CURRENT  DATA  ONLY 


ITEM 

WEIGHTING 

OBSERVATION 

PREDICTION 

RESIDUAL 

ITEM 

1 

1.3313 

0.20590E 

04 

0.24327E 

04 

-0.37367E 

03 

1 

2 

0.6906 

0.41500E 

04 

0.24327E 

04 

0.17173E 

04 

2 

3 

0.6906 

0.36000E 

04 

0.24327E 

04 

0.1 1673E 

04 

3 

4 

0.6331 

0.25500E 

04 

0.24327E 

04 

0. 1 1733E 

03 

4 

5 

1 .3813 

0.25000E 

04 

0.24327E 

04 

0.67333E 

02 

5 

6 

1.3813 

0. 18820E 

04 

0.26136E 

04 

-0.73161E 

03 

6 

7 

1 .3313 

0.20000E 

04 

0.24327E 

04 

-0.43267E 

03 

7 

8 

1.3813 

0.21 180E 

04 

0.24327E 

04 

-0.31467E 

03 

8 

9 

1.3313 

0.21760E 

04 

0.261 36E 

04 

-0 .4376 1 E 

03 

9 

1 0 

1.3813 

0. 13820E 

04 

0.24327E 

04 

-0.55067E 

03 

10 

1 1 

0.6906 

0.38000E 

04 

0.26812E 

04 

0.11 1 8SE 

04 

1 1 

1 2 

1.3313 

0.24650E 

04 

0 . 25601 E 

04 

-0.95124E 

02 

1 2 

13 

0.6906 

0.36000E 

04 

0.27505E 

04 

0.84945E 

03 

13 

14 

0.6906 

0.40500E 

04 

0 . 25601 E 

04 

0 . 14399E 

04 

14 

15 

0.6906 

0.24500E 

04 

0.27505E 

04 

-0.3C055E 

03 

15 

16 

- 0.6906 

0.35500E 

04 

0 . 25601  E 

04 

0.98983E 

03 

16 

1 7 

0 .6906 

0.34500E 

04 

0 . 25601 E 

04 

0.889S7E 

03 

1 7 

18 

0.6906 

0.37000E 

04 

0.27505E 

04 

0.94945E 

03 

18 

19 

0.6331 

0.33000E 

04 

0.26943E 

04 

0.60573E 

03 

1 9 

20 

0.6331 

0.37000E 

04 

0.28947E 

04 

0.30533E 

03 

20 

21 

1.3613 

0.24120E 

04 

0.29088E 

04 

-0.49676E 

03 

21 

OO 

U tm 

1.3813 

0.23820E 

04 

0.290S3E 

04 

-0.52676E 

03 

22 

zz 

0.6906 

0.39500E 

04 

0.290S3E 

04 

0.10412E 

04 

23 

1.3813 

0.25360E 

04 

0.29C83E 

04 

-0.32076E 

03 

24 
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TABLE  5.10-2 


LEAST  SQUARE  SOLUTION  OF  LINEAR  EQUATIONS  Y=X#B+ERROR 

2.  TOYOTA  MANUAL  BELT  — WEAKEST  BELT  FAILS  AND  OTHER  STILL  FUNCTIONS 


ITEM 

WEIGHTING 

ALLOCATION 

MATRIX  OF  COEFFICIENTS  : 

X<  I 

1 

1 .0000 

0.10000E 

01 

0.70000E 

01 

O.OOOOOE 

00 

2 

1 .0000 

0.10000E 

01 

0.70000E 

01 

O.OOOOOE 

00 

3 

1 .0000 

0. 10000E 

01 

0.7C000E 

01 

O.OOOOOE 

00 

4 

1 .0000 

0.10000E 

01 

0.70000E 

01 

O.OOOOOE 

00 

5 

1 .0000 

0. 1000CE 

01 

0.70000E 

01 

O.OOOOOE 

00 

6 

1 .0000 

0.10000E 

01 

0.7C000E 

01 

0.10000E 

01 

7 

1 .0000 

0.10000E 

01 

0.70000E 

01 

O.OOOOOE 

00 

8 

1 .0000 

0.10000E 

01 

0.70000E 

01 

O.OOOOOE 

00 

9 

1 .0000 

0. 10000E 

01 

0.70000E 

01 

0.10000E 

01 

10 

1 .0000 

0. 10000E 

01 

0.70000E 

01 

O.OOOOOE 

00 

1 1 

1 .0000 

0.10000E 

01 

0.60000E 

01 

0 . 1 0000E 

01 

12 

1 .0000 

0.10000E 

01 

0.50000E 

01 

O.OOOOOE 

00 

13 

1 .0000 

0.10000E 

01 

0.50000E 

01 

0.10000E 

01 

14 

1 .0000 

0.10000E 

01 

0.50000E 

01 

O.OOOOOE 

00 

15 

1 .0000 

0.10000E 

01 

0.50000E 

01 

0.1 0000E 

01 

16 

1 .0000 

0.10000E 

01 

0.50000E 

01 

O.OOOOOE 

00 

17 

1 .0000 

0. 10000E 

01 

0.50000c 

01 

O.OOOOOE 

00 

18 

1 .0000 

0. 10000E 

01 

0.50000E 

01 

0.10000E 

01 

19 

1 .0000 

0. 10000E 

01 

0.30000E 

01 

O.OOOOOE 

00 

20 

1 .0000 

0. 10000E 

01 

0.30000E 

01 

0.10000E 

01 

21 

1 .0000 

0. 10000E 

01 

0.00000E 

00 

O.OOOOOE 

00 

22 

1 .0000 

0.10000E 

01 

O.OOOOOE 

00 

O.OOOOOE 

00 

23 

1.0000 

0.10000E 

01 

0.00000E 

00 

O.OOOOOE 

00 

24 

1.0000 

0.10000E 

01 

O.OOOOOE 

00 

O.OOOOOE 

00 

ANALYSIS  OF  VARIANCE  BASED  ON  NATURAL  LOG  OF  OBSERVATIONS 


SUM  SQUARES  MEAN  SQUARE  DEGREES  OF  FREEDOM 
0 . 5841 9E  00  0.27818E-01  0.21000E  02 


TERM  ESTIMATES 

1 0.78718E  01 

2 -0.49930E-01 

3 0.17534E  00 


INVERSE  OF  PRODUCT  MATRIX  <X’X)»*-1 
0.20714E  00 

-0.3191 7E-01  0 . 68633E-02 

-0 . 33SS0E-01  -0.53677E-02  0.20538E  00 


CCNDITION1 MIN  EIGNVAL/MAX  EIGNVAU  OF  TRIANGULAR  MATRIX:  COKD=0.1808E  00 
DETERMINANT  OF  NORMALIZED  INFORMATION  MATRIX-PRODUCT  X'X:  0ET=0.1434E  00 


ANALYSIS  OF  RESIDUALS  FOR  CURRENT  DATA  ONLY 


ITEM 

WEIGHTING 

OBSERVATION 

PREDICTION 

RESIDUAL 

ITEM 

1 

1 .0000 

0.19500E 

04 

0. 18433E 

04 

0.10124E 

03 

1 

2 

1 .0000 

0.21000E 

04 

0.18488E 

04 

0.25124E 

03 

2 

3 

1 .0000 

0.19000E 

04 

0. 1S4S8E 

04 

0.51242E 

02 

3 

4 

1 .0000 

0. 16500E 

04 

0. 18483E 

04 

-0. 19876E 

03 

4 

5 

1 .0000 

0.15500E 

04 

0. 18433E 

04 

-0.29376E 

03 

5 

6 

1 .0000 

0.19500E 

04 

0.22042E 

04 

-0.25418E 

03 

6 

7 

1 .0000 

0. 18000E 

04 

0. 18488E 

04 

-0.43757E 

02 

7 

8 

1 .0000 

0.21000E 

04 

0. 13488E 

04 

0.25124E 

03 

8 

9 

1 .0000 

0.25000E 

04 

0.22042E 

04 

0.29532E 

03 

9 

10 

1 .0000 

0.1 1000E 

04 

0. 1S48SE 

04 

-0.74376E 

03 

10 

1 1 

1 .0000 

0.24500E 

04 

0.23170E 

04 

0.13297E 

03 

1 1 

12 

1 .0000 

0.22000E 

04 

0.20429E 

04 

0.15709E 

03 

12 

13 

1 .0000 

0.25000E 

04 

0.24357E 

04 

0.64346E 

02 

13 

14 

1 .0000 

0.21100E 

04 

0.20429E 

C4 

0.67093E 

02 

14 

15 

1 .0000 

0.24000E 

04 

0.24357E 

04 

-0.35654E 

02 

15 

16 

1 .0000 

0.25000E 

04 

0 . 20429E 

04 

0.45709E 

03 

16 

1 7 

1 .0000 

0.28000E 

04 

0.20429E 

04 

0.75709E 

03 

17 

18 

1 .0000 

0.26000E 

04 

0.24357E 

04 

0. 16435E 

03 

18 

19 

1 .0000 

0.23000E 

04 

0.22574E 

04 

0.42553E 

02 

19 

20 

1 .0000 

0.23500E 

04 

0.26914E 

04 

-0.34144E 

03 

20 

21 

1.0000 

0.25500E 

04 

0.26222E 

04 

-0.72229E 

02 

21 

22 

1 .0000 

0.25000E 

04 

0.26222E 

04 

-0. 12223E 

03 

22 

23 

1 .0000 

0.2300CE 

04 

0.26222E 

04 

-0.32223E 

03 

23 

24 

1 .0000 

0.28000E 

04 

0.26222E 

04 

0.17777E 

03 

24 

43 
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TABLE  5.10-3 


LEAST  SQUARE  SOLUTION  OF  LINEAR  EQUATIONS  Y=X*B+ERROR 
3.  TOYOTA  REDESIGNED  PASSIVE  BELT  MANUAL  LAP  BELT  OF  SYSTEM 


ITEM 

WEIGHTING 

ALLOCATION 

MATRIX  OF  COEFFICIENTS  X(I,J) 

1 

0.5187 

0. 10000E 

01 

0.70000E 

01 

2 

0.5658 

0. 10000E 

01 

0.70000E 

01 

3 

0.5658 

0. 10000E 

01 

0.70000E 

01 

4 

0.5187 

0. 10000E 

01 

0.70000E 

01 

5 

0.5187 

0. 10000E 

01 

0.70000E 

01 

6 

4.1493 

0. 10000E 

01 

0.70000E 

01 

7 

4.1493 

0. 10000E 

01 

0.70000E 

01 

8 

0.5187 

0. I0000E 

01 

0.70000E 

01 

9 

0.5187 

0. 10000E 

01 

0.7000CE 

01 

10 

0.5658 

0.10000E 

01 

0.70000E 

01 

1 1 

0.5658 

0. 10000E 

01 

0.6000CE 

01 

12 

0.5658 

0. 10000E 

01 

0.500C0E 

01 

1 3 

0.5658 

0. 10000E 

01 

0.50000E 

01 

14 

0.5658 

0. 10000E 

01 

0.50000E 

01 

15 

0.5658 

0. 10000E 

01 

0.50000E 

01 

16 

0.5658 

0. 100C0E 

01 

0.50000E 

01 

17 

0.5658 

0.10000E 

01 

0.50000E 

01 

18 

0.5658 

0.1 OOOOE 

01 

0.50000E 

01 

19 

0.5187 

0. 10000E 

01 

0.30000E 

01 

20 

0.5187 

0 . 1 OOOOE 

01 

0.30000E 

01 

21 

4.1553 

0 . 1 OOOOE 

01 

0.00000E 

00 

22 

0.5658 

0. 10000E 

01 

0.00000E 

00 

23 

0.5658 

0. 10000E 

01 

O.OOCOOE 

00 

24 

0.5658 

0. 10000E 

01 

O.OOOOOE 

00 

ANALYSIS  OF  VARIANCE  BASED  ON  NATURAL  LOG  OF  OBSERVATIONS 


SUM  SQUARES  MEAN  SQUARE  DEGREES  OF  FREEDOM 
0.19111E  01  0.86827E-01  0.22010E  02 

TERM  ESTIMATES  INVERSE  OF  PRODUCT  MATRIX  (X'X)**-1 

1 0.79828E  01  0.15513E  00 

2 -0 . 1 7909E-0 1 -0 . 2381 OE-O 1 0.49956E-02 


CONDITION  MIN  EIGNVAL/MAX  EIGNVAL ) OF  TRIANGULAR  MATRIX:  COND=0.3463E  00 
DETERMINANT  OF  NORMALIZED  INFORMATION  MATRIX-PRODUCT  X'X:  0ET=0.2685E  00 


ANALYSIS  OF  RESIDUALS  FOR  CURRENT  DATA  ONLY 


ITEM 

WEIGHTING 

OBSERVATION 

PREDICTION 

RESIDUAL 

ITEM 

1 

0.5187 

0.35000E 

04 

0.25850E 

04 

0.91502E 

03 

1 

2 

0.5658 

0.41500E 

04 

0 . 25850E 

04 

0. 15650E 

04 

2 

3 

0.5658 

0.36000E 

04 

0.25850E 

04 

0.10150E 

04 

3 

4 

0.5187 

0.25500E 

04 

0.25850E 

04 

-0.34975E 

02 

4 

5 

0.5187 

0.31500E 

04 

0.25850E 

04 

0.56503E 

03 

5 

6 

4.1493 

0. 18820E 

04 

0.25850E 

04 

-0.70297E 

03 

6 

7 

4.1493 

0.20000E 

04 

0.25650E 

04 

-0.58498E 

03 

7 

8 

0.5187 

0.33500E 

04 

0.25850E 

04 

0.76503E 

03 

8 

9 

0.5167 

0.31500E 

04 

0.25850E 

04 

0.56503E 

03 

9 

1 0 

0.5658 

0.40000E 

04 

0.25850E 

04 

0. 14150E 

04 

10 

1 1 

0.5658 

0.38000E 

04 

0.26317E 

04 

0. 1 1683E 

04 

1 1 

12 

0.5658 

0.33500E 

04 

0.26792E 

04 

0.67076E 

03 

12 

1 3 

0.5658 

0.36000E 

04 

0.26792E 

04 

0.92C76E 

03 

13 

14 

0.5658 

0.40500E 

04 

0.26792E 

04 

0. 13708E 

04 

14 

15 

0.5658 

0.42500E 

04 

0.26792E 

04 

0. 15708E 

04 

15 

16 

0.5658 

0.35500E 

04 

0.26792E 

04 

0.87076E 

03 

16 

17 

0.5658 

0.34500E 

04 

0.26792E 

04 

0.77076E 

03 

17 

18 

0.5658 

0.37000E 

04 

0.26792E 

04 

0.  1 0208E 

04 

18 

1 9 

0.5187 

0.3300CE 

04 

0.27769E 

04 

0.52305E 

03 

19 

20 

.0.5187 

0.37000E 

04 

0.27769E 

04 

0.92305E 

03 

20 

21 

4.1593 

0.24120E 

04 

0.29302E 

04 

-0.51822E 

03 

21 

22 

0.565S 

0.29000E 

04 

0.29302E 

04 

-0.30225E 

02 

22 

23 

0.5658 

0.39500E 

04 

0.29302E 

04 

0. 10196E 

04 

23 

24 

0.5658 

0.36000E 

04 

0.29302E 

04 

0.66977E 

03 

24 
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TABLE  5.10-4 


LEAST  SQUARE  SOLUTION  OF  LINEAR  EQUATIONS  Y=X*B+ERROR 

4.  TOYOTA  REDESIGNED  PASSIVE  BELT  ---  AUTOMATIC  SHOULDER  BELT  OF  SYSTEM 
ITEM  WEIGHTING  ALLOCATION  MATRIX  OF  COEFFICIENTS  X(I,J) 


1 

0.9412 

0.10000E 

01 

0.70000E 

01 

O.OOOOOE 

00 

2 

1 .0267 

0. 10000E 

01 

0.70000E 

01 

O.OOOOOE 

00 

3 

1 .0267 

0. 10000E 

01 

0.70000E 

01 

O.OOOOOE 

00 

4 

0.9412 

0. 10000E 

01 

0.70000E 

01 

O.OOOOOE 

00 

5 

0.9412 

0.10000E 

01 

0.70000E 

01 

O.OOOOOE 

00 

6 

1 .0267 

0.1 0C00E 

01 

0.70000E 

01 

0.10000E 

01 

7 

0.5717 

0.10000E 

01 

0.70000E 

01 

O.OOOOOE 

00 

8 

0.9412 

0.10000E 

01 

0.70000E 

01 

O.OOOOOE 

00 

9 

0.9412 

0.10000E 

01 

0.70000E 

01 

0. 10000E 

01 

10 

1 .0267 

0.10000E 

01 

0.70000E 

01 

O.OOOOOE 

00 

1 1 

1 .0267 

0.10000E 

01 

0.60000E 

01 

0. 10000E 

01 

12 

1 .0267 

0. 10000E 

01 

0.50000E 

01 

O.OOOOOE 

00 

13 

1 .0267 

0.10000E 

01 

0.50000E 

01 

0. 10000E 

01 

14 

1 .0267 

0. 10000E 

01 

0.50000E 

01 

O.OOOOOE 

00 

15 

1 .0267 

0.1 0000E 

01 

0.50000E 

01 

0.10000E 

01 

16 

1 .0267 

0.10000E 

01 

0.50000E 

01 

O.OOOOOE 

00 

17 

1 .0267 

0.10000E 

01 

0.50000E 

01 

O.OOOOOE 

00 

18 

1.0267 

0.10000E 

01 

0.50000E 

01 

0. 10000E 

01 

19 

0.9412 

0.1 0000E 

01 

0.30000E 

01 

O.OOOOOE 

00 

20 

0.9412 

0. 10000E 

01 

0.30000E 

01 

0.10000E 

01 

21 

1 .0267 

0.10000E 

01 

O.OOOOOE 

00 

0 . 00000E 

00 

22 

1 .0267 

0.10000E 

01 

0.00000E 

00 

O.OOOOOE 

00 

23 

1.0267 

0.1 0000E 

01 

O.OOOOOE 

00 

O.OOOOOE 

00 

24 

1 .0267 

0.10000E 

01 

O.OOOOOE 

00 

O.OOOOOE 

00 

ANALYSIS  OF  VARIANCE  BASED  ON  NATURAL  LOG  OF  OBSERVATIONS 


SUM  SQUARES  MEAN  SQUARE  DEGREES  OF  FREEDOM 


0 

. 33652E  00 

0. 16346E-01 

0.20537E  02 

TERM 

1 

ESTIMATES 
0.81250E  01 

INVERSE  OF 
0.20369E  00 

PRODUCT  MATRIX 

(X'X)**-1 

2 

0 . 63906E-02 

-0 . 31 558E-01 

0 . 69473E-02 

3 

0.81 902E-01 

-0 . 32050E-0 1 

-0 . 62290E-02 

0.20846E  00 

CONDITIONt  MIN  EIGNVAL/MAX  EIGNVAL ) OF  TRIANGULAR  MATRIX:  COND=0.1301E  00 
DETERMINANT  OF  NORMALIZED  INFORMATION  MATRIX-PRODUCT  X'X>  DET=0.1458E  00 

ANALYSIS  OF  RESIDUALS  FOR  CURRENT  DATA  ONLY 


ITEM 

WEIGHTING 

OBSERVATION 

PREDICTION 

RESIDUAL 

ITEM 

1 

0.9412 

0.35000E 

04 

0.35324E 

04 

-0.32409E 

02 

1 

2 

1 .0267 

0.41500E 

04 

0.35324E 

04 

0.61759E 

03 

2 

3 

1.0267 

0.36000E 

04 

0.35324E 

04 

0.67589E 

02 

3 

4 

0.9412 

0.25500E 

04 

0.35324E 

04 

-0. 93241 E 

03 

4 

5 

0.9412 

0.31500E 

04 

0.35324E 

04 

-0.38241E 

03 

5 

6 

1 .0267 

0.44500E 

04 

0.38339E 

04 

0.61610E 

03 

6 

7 

0.5717 

0.42060E 

04 

0.35324E 

04 

0.67359E 

03 

7 

8 

0.9412 

0.3350CE 

04 

0.35324E 

04 

-0.13241E 

03 

8 

9 

0.9412 

0.31500E 

04 

0.38339E 

04 

-0.68390E 

03 

9 

10 

1 .0267 

0.40000E 

04 

0.35324E 

04 

0.46759E 

03 

1 0 

1 1 

1 .0267 

0.38000E 

04 

0.38095E 

04 

-0.94741 E 

01 

1 1 

12 

1 .0267 

0.33500E 

04 

0.34875E 

04 

-0.13755E 

03 

12 

1 3 

1 .0267 

0.36000E 

04 

0.37852E 

04 

-0.18521E 

03 

13 

14 

1 .0267 

0.40500E 

04 

0.34375E 

04 

0.56245E 

03 

14 

15 

1 .0267 

0.42500E 

04 

0.37852E 

04 

0.46479E 

03 

15 

16 

1 .0267 

0.35500E 

04 

0.34375E 

04 

0.62452E 

02 

16 

1 7 

1.0267 

0.34500E 

04 

0.34875E 

04 

-0.37550E 

02 

17 

18 

1 .0267 

0.37000E 

04 

0.37852E 

04 

-0.65208E 

02 

18 

19 

0.9412 

0.33000E 

04 

0.34433E 

04 

-0.14326E 

03 

1 9 

20 

0.9412 

0.37000E 

04 

0 . 37371 E 

04 

-0.371 36E 

02 

20 

21 

1 .0267 

0.31000E 

04 

0.33779E 

04 

-0.277S7E 

03 

21 

22 

1 .0267 

0.29000E 

04 

0.33779E 

04 

-0.47787E 

03 

22 

23 

1 .0267 

0.39500E 

04 

0.33779E 

04 

0.57213E 

03 

23 

24 

1 .0267 

0.36000E 

04 

0.33779E 

04 

0.22213E 

03 

24 
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TABLE  5.10-5 


LEAST  SQUARE  SOLUTION  OF  LINEAR  EQUATIONS  Y=X*B+ERROR 

5.  RABBIT  MANUAL  BELT  — WEAKEST  COMPONENT  FAILS  SEATBELT  SYSTEM 


ITEM 

WEIGHTING 

ALLOCATION 

MATRIX  OF  ( 

COEFFICIENTS  X(I,J) 

1 

0.9991 

0. 10000E 

01 

O.oOOOOE 

01 

2 

0.9991 

0. 10000E 

01 

0.60000E 

01 

3 

1 .0823 

0.10000E 

01 

0.60000E 

01 

4 

2.5971 

0.10000E 

01 

0.60000E 

01 

5 

0.9991 

0. 1 0000E 

01 

0.60000E 

01 

6 

0.7216 

0.10000E 

01 

0.6000CE 

01 

7 

0.9991 

0.1 0000E 

01 

0.50000E 

01 

8 

0.9991 

0.1 0000E 

01 

0.50000E 

01 

9 

0.7216 

0. 10000E 

01 

0.50000E 

01 

10 

0.7216 

0. 10000E 

01 

0.40000E 

01 

1 1 

0.8604 

0. 10000E 

01 

0.20000E 

01 

1 2 

0.8604 

0.10000E 

01 

0.20000E 

01 

13 

0.7216 

0. 10000E 

01 

0.20000E 

01 

14 

0.9991 

0. 10000E 

01 

0.20000E 

01 

15 

0.9991 

0.10000E 

01 

0.20000E 

01 

16 

0.7216 

0.10000E 

01 

O.OOOOOE 

00 

17 

0.9991 

0.10000E 

01 

O.OOOOOE 

00 

18 

0.9991 

0.10000E 

01 

O.OOOOOE 

00 

RESULTS  FROM  ANALYSIS 

OF  CURRENT 

EXPERIMENT 

ANALYSIS  OF  VARIANCE  BASED  ON  NATURAL  LOG  OF  OBSERVATIONS 

SUM  SQUARES  MEAN  SQUARE  DEGREES  OF  FREEDOM 

0.19947E  01  0.12467E  00  0.16000E  02 

TERM  ESTIMATES  INVERSE  OF  PRODUCT  MATRIX  (X’X)*»-1 

1 0.79396E  01  0.21650E  00 

2 -0 . 1 6642E-0 1 -0.41531E-01  0.10717E-01 

CONDITION! MIN  EIGNVAL/MAX  EIGNVAL ) OF  TRIANGULAR  MATRIX:  COND=0.4392E  00 
DETERMINANT  OF  NORMALIZED  INFORMATION  MATRIX-PRODUCT  X'X:  DET=0.2566E  00 

ANALYSIS  OF  RESIDUALS  FOR  CURRENT  DATA  ONLY 


ITEM 

WEIGHTING 

OBSERVATION 

PREDICTION 

RESIDUAL 

ITEM 

1 

0.9991 

0. 19500E 

04 

0.25395E 

04 

-0.58955E 

03 

1 

2 

0.9991 

0.  13500E 

04 

0.25395E 

04 

-0. 1 1895E 

04 

2 

3 

1.0823 

0.35000E 

04 

0.25395E 

04 

0.96045E 

03 

3 

4 

2.5971 

0.30590E 

04 

0.25395E 

04 

0.51945E 

03 

4 

5 

0.9991 

0.28500E 

04 

0.25395E 

04 

0.31045E 

03 

5 

6 

0.7216 

0.31500E 

04 

0.25395E 

04 

0.61045E 

03 

6 

7 

0.9991 

0. 15000E 

04 

0.258C2E 

04 

-0.10822E 

04 

7 

8 

0.9991 

0. 16500E 

04 

0.25822E 

04 

-0.93216E 

03 

8 

9 

0.7216 

0.33000E 

04 

0.25622E 

04 

0.71784E 

03 

9 

1 0 

0.7216 

0.33000E 

04 

0.26255E 

04 

0.67450E 

03 

1 0 

1 1 

0.6604 

0.36500E 

04 

0.27143E 

04 

0.93565E 

03 

1 1 

12 

0.8604 

0.35000E 

04 

0.27143E 

04 

0.76565E 

03 

12 

1 3 

0.7216 

0.46000E 

04 

0.27143E 

04 

0. 18856E 

04 

13 

14 

0.9991 

0.29500E 

04 

0.27143E 

04 

0.23565E 

03 

14 

15 

0.9991 

0.31500E 

04 

0.27143E 

04 

0.43565E 

03 

15 

16 

0.7216 

0.34000E 

04 

0.28062E 

04 

0.59379E 

03 

16 

17 

0.9991 

0. 18000E 

04 

0.26062E 

04 

-0.10062E 

04 

17 

18 

0.9991 

0.20000E 

04 

0.28062E 

04 

-0.80621E 

03 

18 
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TABLE  5.10-6 


LEAST  SQUARE  SOLUTION  OF  LINEAR  EQUATIONS  Y=X#B+ERROR 

6.  RABBIT  PASSIVE  BELT  WEAKEST  COMPONENT  FAILS  SEATBELT  SYSTEM 


ITEM 

WEIGHTING 

ALLOCATION 

MATRIX  OF  COEFFICIENTS  X(I,J) 

1 

1.1086 

0. 10000E 

01 

0.60000E 

01 

2 

1.1086 

0. 10000E 

01 

0 . 6 0000  E 

01 

3 

1 .3098 

0.10000E 

01 

0.60000E 

01 

4 

0.30C6 

0.10000E 

01 

0.60000E 

01 

5 

1.1066 

0. 10000E 

01 

0.60000E 

01 

6 

0.8006 

0.10000E 

01 

0.60000E 

01 

7 

1.1086 

0. 10000E 

01 

0.50000E 

01 

3 

1.1066 

0. 10000E 

01 

0.50000E 

01 

9 

0.8006 

0. 10000E 

01 

0.50000E 

01 

1 0 

0.8006 

0. 10000E 

01 

0.40000E 

01 

1 1 

0.9546 

0.10000E 

01 

0.20000E 

01 

12 

0.9546 

0. 10000E 

01 

0.20000E 

01 

13 

0.8006 

0.10000E 

01 

0.20000E 

01 

14 

1.1086 

0.10000E 

01 

0.20000E 

01 

15 

1.1086 

0. 10000E 

01 

0.20000E 

01 

16 

0.8006 

0.10000E 

01 

0.00000E 

00 

17 

1.1086 

0.10000E 

01 

0.00000E 

00 

18 

1.1086 

0.10000E 

01 

0.00000E 

00 

RESULTS  FROM  ANALYSIS 

OF  CURRENT 

EXPERIMENT 

ANALYSIS  OF  VARIANCE  BASED  ON  NATURAL  LOG  OF  OBSERVATIONS 


SUM  SQUARES  MEAN  SQUARE  DEGREES  OF  FREEDOM 

0.21752E  01  0.13595E  00  0.16000E  02 

TERM  ESTIMATES  INVERSE  OF  PRODUCT  MATRIX  (X’X)**-1 

1 0.79497E  01  0.19722E  00 

2 -0 . 23670E-0 1 -0.38892E-01  0.10677E-01 

CONDITION! MIN  EIGNVAL/MAX  EIGNVAL ) OF  TRIANGULAR  MATRIX:  COND=0.4384E  00 
DETERMINANT  OF  NORMALIZED  INFORMATION  MATRIX-PRODUCT  X’X:  DET=0.2817E  00 

ANALYSIS  OF  RESIDUALS  FOR  CURRENT  DATA  ONLY 


ITEM 

WEIGHTING 

OBSERVATION 

PREDICTION 

RESIDUAL 

ITEM 

1 

1.1066 

0. 19500E 

04 

0.24593E 

04 

-0.50932E 

03 

1 

2 

1.1086 

0.13500E 

04 

0.24593E 

04 

-0.1 1093E 

04 

2 

3 

1 . 309S 

0.35000E 

04 

0.24593E 

04 

0. 10407E 

04 

3 

4 

0.8006 

0.33500E 

04 

0.24593E 

04 

0.89068E 

03 

4 

5 

1.1066 

0.28500E 

04 

0.24593E 

04 

0.39068E 

03 

5 

6 

0.8006 

0.31500E 

04 

0.24593E 

04 

0.69068E 

03 

6 

7 

1.1086 

0. 15000E 

04 

0.25182E 

04 

-0.10182E 

04 

7 

8 

1.1086 

0. 16500E 

04 

0.25182E 

04 

-0.86823E 

03 

8 

9 

0.8006 

0.33000E 

04 

0.25182E 

04 

0.78177E 

03 

9 

10 

0.8006 

0.33000E 

04 

0.25785E 

04 

0.72145E 

03 

1 0 

1 1 

0 . 9546 

0.36500E 

04 

0.27035E 

04 

0.94645E 

03 

1 1 

12 

0.9546 

0.35000E 

04 

0.27035E 

04 

0.79645E 

03 

12 

13 

0.8006 

0.46000E 

04 

0.27035E 

04 

0. 18964E 

04 

13 

14 

1.1086 

0.29500E 

04 

0.27035E 

04 

0.24645E 

03 

14 

15 

1.1066 

0.31500E 

04 

0.27035E 

04 

0.44645E 

03 

15 

16 

0.8006 

0.34000E 

04 

0.28346E 

04 

0.E6538E 

03 

16 

17 

1.1086 

0. 18000E 

04 

0.28346E 

04 

-0.  10346E 

04 

1 7 

16 

1.1086 

0.20000E 

04 

0.28346E 

04 

-0.83462c 

03 

18 
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TABLE  5.10-7 


LEAST  SQUARE  SOLUTION  OF  LINEAR  EQUATIONS  Y=X*B+ERROR 

7.  RABBIT  REDESIGNED  PASSIVE  BELT  WEAKEST  COMPONENT  FAILS  SEATBELT  SYSTEM 


ITEM 

WEIGHTING 

ALLOCATION 

MATRIX  OF  1 

COEFFICIENTS  X(I,J) 

1 

0.8824 

0.1 0000E 

01 

0.60000E 

01 

2 

1 .58S0 

0. 10000E 

01 

0.60000E 

01 

3 

1 .5880 

0. 10000E 

01 

0.60000E 

01 

4 

0.6624 

0. 10000E 

01 

0.60000E 

01 

5 

0.8824 

0. 1 0000E 

01 

0.60000E 

01 

6 

0.8824 

0. 10000E 

01 

0.60000E 

01 

7 

0.8824 

0. 1 0000E 

01 

0.50000E 

01 

3 

0.8624 

0.1 0000E 

01 

0.50000E 

01 

9 

0.8824 

0. 10000E 

01 

0.50000E 

01 

1 0 

0.8824 

0. 10000E 

01 

0.40000E 

01 

1 1 

0.8824 

0. 10000E 

01 

0.20000E 

01 

12 

0.6824 

0.1 0000E 

01 

0.20000E 

01 

13 

0.8824 

0. 10000E 

01 

0.20000E 

01 

14 

0.8824 

0. 10000E 

01 

0.20000E 

01 

15 

0.6824 

0.1 OOOOE 

01 

0 . 2000CE 

01 

16 

0.8624 

0.1 OOOOE 

01 

0. 00000E 

00 

17 

1 .5880 

0. 10000E 

01 

0.00000E 

00 

18 

0.8824 

0.  10000E 

01 

0.00000E 

00 

RESULTS  FROM  ANALYSIS  OF  CURRENT  EXPERIMENT 

ANALYSIS  OF  VARIANCE  BASED  ON  NATURAL  LOG  OF  OBSERVATIONS 

SUM  SQUARES  MEAN  SQUARE  DEGREES  OF  FREEDOM 
0 . 26662E  00  0.16677E-01  0.16000E  02 

TERM  ESTIMATES  INVERSE  OF  PRODUCT  MATRIX  (X,X)«^-1 

1 0.81243E  01  0.19112E  00 

2 0 . 1 7262E-02  -0.37072E-01  0.10138E-01 

CONDITION!  MIN  EIGNVAL/MAX  EIGNVAL ) OF  TRIANGULAR  MATRIX:  CCND=0.4272E  00 
DETERMINANT  OF  NORMALIZED  INFORMATION  MATRIX-PRODUCT  X’X:  DET=0.2907E  00 

ANALYSIS  OF  RESIDUALS  FOR  CURRENT  DATA  ONLY 


ITEM 

WEIGHTING 

OBSERVATION 

PREDICTION 

RESIDUAL 

ITEM 

1 

0.8824 

0.35000E 

04 

0.341 05E 

04 

0.89515E 

02 

1 

2 

1 .5880 

0.29410E 

04 

0.34105E 

04 

-0.46946E 

03 

2 

3 

1 . 5SS0 

0.35000E 

04 

0.34105E 

04 

0.69515E 

02 

3 

4 

0.8824 

0.33500E 

04 

0.341 05E 

04 

-0.60484E 

02 

4 

5 

0.8824 

0.33500E 

04 

0.341 05E 

04 

-0.60464E 

02 

5 

6 

0.8824 

0.31500E 

04 

0.34105E 

04 

-0.26048E 

03 

6 

7 

0.8824 

0.37500E 

04 

0. 34046E 

04 

0.34540E 

03 

7 

8 

0.8824 

0.38000E 

04 

0.34046E 

04 

0.39S40E 

03 

8 

9 

0.8824 

0.33000E 

04 

0.34046E 

04 

-0. 1 0460E 

03 

9 

10 

0.8824 

0.33000E 

04 

0.33987E 

04 

-0.96732E 

02 

1 0 

1 1 

0.6824 

0.36500E 

04 

0.33870E 

04 

0.26296E 

03 

1 1 

12 

0.8824 

0.35000E 

04 

0.33870E 

04 

0. 1 1298E 

03 

12 

1 3 

0.8824 

0.46000E 

04 

0.33870E 

04 

0.12130E 

04 

13 

14 

0.6824 

0.37000E 

04 

0.33870E 

04 

0.31298E 

03 

14 

15 

0.8824 

0.35500E 

04 

0.33870E 

04 

0. 1629SE 

03 

15 

16 

0.8824 

0.34000E 

04 

0.33753E 

04 

0.24654E 

02 

16 

17 

1 .5830 

0.261 SOE 

04 

0.33753E 

04 

-0.75734E 

03 

17 

18 

0.8624 

0.36000E 

04 

0.33753E 

04 

0.22465E 

03 

18 
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TABLE  5.10-8 


LEAST  SQUARE  SOLUTION  OF  LINEAR  EQUATIONS  Y =X*B+ERROR 

3.  CHEVETTE  MANUAL/PASSIVE  BELTS  — WEAKEST  COMPONENT  FAILS  SEATBELT  SYSTEM 


ITEM 

WEIGHTING 

ALLOCATION 

MATRIX  OF  COEFFICIENTS  X(I,J) 

1 

0.8903 

0. 10000E 

01 

0.50000E 

01 

2 

1 . 3995 

0.1 0000E 

01 

0.50000E 

01 

3 

0.9609 

0. 10000E 

01 

0.50000E 

01 

9 

1 .0929 

0.1 0000E 

01 

0.50000E 

01 

5 

0.9609 

0. 10000E 

01 

0.50000E 

01 

6 

0.9609 

0. 10000E 

01 

0.50000E 

01 

7 

0.9609 

0. 10000E 

01 

0.00000E 

00 

8 

0.9609 

0. 10000E 

01 

0. OOOOOE 

00 

9 

0.9609 

0.1 0000E 

01 

0.0C000E 

00 

1 0 

0.9609 

0.10000E 

01 

0.C0000E 

00 

RESULTS  FROM  ANALYSIS  OF  CURRENT  EXPERIMENT 

ANALYSIS  OF  VARIANCE  BASED  ON  NATURAL  LOG  OF  OBSERVATIONS 

SUM  SQUARES  MEAN  SQUARE  DEGREES  OF  FREEDOM 
0.66833E  00  0.83591E-01  0.80000E  01 

TERM  ESTIMATES  INVERSE  OF  FRODUCT  MATRIX  (X'X)#*-1 

1 0.79386E  01  0.26031E  00 

2 — 0. 1 1771 E— 01  -0 .5206 1 E — 0 1 0.16907E-01 

CONDITION! MIN  EIGNVAL/MAX  EIGNVAL)  OF  TRIANGULAR  MATRIX:  COND=0.9112E  00 
DETERMINANT  OF  NORMALIZED  INFORMATION  MATRIX-PRODUCT  X'X:  DET=0.3892E  00 

ANALYSIS  OF  RESIDUALS  FOR  CURRENT  DATA  ONLY 


ITEM 

WEIGHTING 

OBSERVATION 

PREDICTION 

RESIDUAL 

ITEM 

1 

0.8903 

0.29000E 

09 

0 . 26931 E 

09 

0.25688E 

03 

1 

2 

1.3995 

0.35500E 

09 

0 . 26931 E 

09 

0.9068SE 

03 

2 

3 

0.9609 

0.22350E 

09 

0 . 26931 E 

09 

-0.90812E 

03 

3 

9 

1 .0929 

0.33000E 

09 

0 . 26931 E 

09 

0.65683E 

03 

9 

5 

0.9609 

0.21970E 

09 

0 . 26931 E 

09 

-0.99612E 

03 

5 

6 

0.9609 

0. 18290E 

09 

0 . £6931 E 

09 

-0.81912E 

03 

6 

7 

0.9609 

0.21970E 

09 

0.28039E 

09 

-0.65636E 

03 

7 

8 

0.9609 

0.21970E 

09 

0.28039E 

09 

-0.65636E 

03 

a 

9 

0.9609 

0.90000E 

09 

0.28039E 

09 

0.11 966E 

09 

9 

10 

0.9609 

0.33500E 

09 

0.28039F 

09 

0 . 59665E 

03 

1 0 
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TABLE  5.10-9 


LEAST  SQUARE  SOLUTION  OF  LINEAR  EQUATIONS  Y=X*3+ERRCR 

9.  CHEVETTE  REDESIGNED  PASSIVE  BELT  — WEAKEST  COMPONENT  FAILS  SEATBELT  SYSTEM 


ITEM 

WEIGHTING 

ALLOCATION 

MATRIX  OF  1 

COEFFICIENTS  X(I,J> 

1 

0.5731 

0.1000CE 

01 

0.50000E 

01 

2 

1.1461 

0. 10000E 

01 

0.50000E 

01 

3 

0.5731 

0. 10000E 

01 

0.50000E 

01 

4 

0.8596 

0.10000E 

01 

0.50000E 

01 

5 

1 .4327 

0.1 OOOOE 

01 

0.50000E 

01 

6 

1 .4327 

0. 10000E 

01 

0.50000E 

01 

7 

1.1461 

0. 10000E 

01 

0.00000E 

00 

8 

0.5731 

0. 10000E 

01 

0.00000E 

00 

9 

0.1248 

0 . 1 OOOOE 

01 

O.OOOOOE 

00 

10 

0.5792 

0. 10000E 

"1 

O.OOOOOE 

00 

RESULTS  FROM  ANALYSIS  OF  CURRENT  EXPERIMENT 

ANALYSIS  OF  VARIANCE  BASED  ON  NATURAL  LOG  OF  OBSERVATIONS 

SUM  SQUARES  MEAN  SQUARE  DEGREES  OF  FREEDOM 
0.51360E  00  0.79745E-01  0.64405E  01 

TERM  ESTIMATES  INVERSE  OF  PRODUCT  MATRIX  (X'X>**-1 

1 0.82256E  01  0.41268E  00 

2 -0 . 70477E-0 1 -0.82536E-01  0.23155E-01 

CCNOITIONI MIN  EIGNVAL/MAX  EIGNVAL ) OF  TRIANGULAR  MATRIX:  COND=0.4421E  00 
DETERMINANT  OF  NORMALIZED  INFORMATION  MATRIX-PRODUCT  X*X:  DET=0.2871E  00 

ANALYSIS  OF  RESIDUALS  FOR  CURRENT  DATA  ONLY 


ITEM 

WEIGHTING 

OBSERVATION 

PREDICTION 

RESIDUAL 

ITEM 

1 

0.5731 

0.29000E 

04 

0.26260E 

04 

0.27397E 

03 

1 

2 

1.1461 

0.35500E 

04 

0.26260E 

04 

0.92397E 

03 

2 

3 

0.5731 

0.33000E 

04 

0.26260E 

04 

0.11 740E 

04 

3 

4 

0.8596 

0.33000E 

04 

0 . 26260E 

04 

0.67397E 

03 

4 

5 

1 .4327 

0.21470E 

04 

0.26260E 

04 

-0.47903E 

03 

5 

6 

1 .4327 

0. 18240E 

04 

0.26260E 

04 

-0.80203E 

03 

6 

7 

1.1461 

0.36000E 

04 

0. 37354E 

04 

-0.1 3543E 

03 

7 

8 

0.5731 

0.40000E 

04 

0.37354E 

04 

0.26457E 

03 

8 

9 

0.1248 

0.24250E 

04 

0.37354E 

04 

-0.13104E 

04 

9 

10 

0.5792 

0.41220E 

04 

0.37354E 

04 

0.33657E 

03 

10 

EXIT  PROGRAM 

FOR  INPUT  INSTRUCTION  IPRINT1 1 )=  0 FOR  REPEAT  RESULTS  IPRINT(2)=  0 
FOR  DIAGNOSTIC  OUTFUT  NPRINT=  0 FOR  THE  MAIN  ROUTINE 

0 ■ FOR  SUBROUTINE  OBSERV 
0 FOR  SUBROUTINE  INVERT 
0 FOR  SUBROUTINE  RESID 

INS=-1  INX=-1  INY=  0 INW=  0 INR=  0 

FIN  SINCE  INS=INX=-1  OR  INS=IPRINT( 2 ) = 0 ♦ INX=-1 
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TABLE  5.11 
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predicted  for  1176  belts  in  1781 

. 0 \02ZT\~044HzY~.23497 

7 ‘ Rabbit  redesigned  passive  belt — weakest  component  fails  Seatbelt  system 

.016417 

/ 

2«ew 

2/tx 

1 

0 

s 

<v 

trj- 

.1911 Z <ll 
-0370727* 
-.0370727* 
43/0/38  7* 

/«2<- 
2*1  V 

2*2  7i^ 

.19HZ  7* 
-J 8536 7* 
-J85367* 
.253457* 

.003/87 

■predicted 

044182  I .2/548 
for  HEW  belts  in  1181 

predicted 

.001232 

for  1976  b 
644182 

elts  in  1181 

.21497 

AH  data  pooled  together  =C>  regression 

.0/3303 

.044182 

.24142 

8.  Cbevette.  manual /passive  belts — Weakest  component  fads  seatbelt  system 

.08354/ 

1 

^ HIV 

2 1TK 

1 

0 

s 

<T,1 

.26031  tj* 
-.05206/  7* 
-.05206/7* 
016907  7* 

/•/  <T„* 
1*27;^ 

2-icr* 

2*ZTn 

.2603/  7* 
-,26030c 7* 
-.2603/  7*1 

,4Z2C73cr*' 

.02/747  1 .000810  | .15011 
predicted  for  NEW  belts  in  1181 

predicted  for  1176  belts  in  1181 
.0135&T7CQ6ZIO  ! .11916 

9.  Cbevette.  redesigned  passive  be 

t — Weakest  component  fails  seatbelt  system 

.079145 

/ 

2-Nt.V 

2 

t 

0 

5 

^ii 

<xT; 

.4/268  7* 
-.0325347* 

-.0$25*7l 

.023/557*1 

/Mi  c 
/*2^ 
2*1  <T  * 

2*Z(Jn 

.41268 7* 
7 4/2627* 
-4/268  7* 
.5 TOTcr* 

.032909  \ .006810  j .18363 

predicted  for  MEW  belts  in  1781 

predicted  for  1176  belts  in  1781 

.0  l3Z53T7o008ioT~.lt  Z59 

Kites 


— 1_. , » **»  1 71  1 * 1 

fir-  Toyota  manual  belts  — all  calculations  are  for  driver's  seatbelt  only  as  weakesT 
All  computations  are  far-  logarithms  of  loads  or  strength  with  data  assumed  1 og  normal 
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TABLE  5.14 


Computation  of  Load-Strength  Failure  Probability 


C.S,  Davis 
2-/6-6Z. 
AJW73A  5**tb*its 


TT  X1,  estimated 


5 eat  belt  unit 

1 or  subsystem 

initial 
service 
date,  j 

load-strvjh 

standard 

deviation 

geometric 

mean 

strength 

in(lbiT 

geometric 
mean 
lead  at 
21.4  mpb 

2 statistic 
Joy  normal 

2wlnYx/r 

probability 
of  failure 

Toyota 

/.  Corona  manual  belt 
both  belts  or  buckle 
System  fails  for 
system  failure. 

MEW 

1176 

.14401 

.11001 

2108.8 

2560.1 

2008.4 

2008.4 

2.572 

2.205 

.005056 

.013727 

Toyota 

2.  Corona,  manual  belt 
weakest  belt  fails 
and  other  still 
functions 

MEW 

1176 

.11806 

.01119 

2622.2 

2042.1 

2008.4 

2008.4 

2.. 251 
.172 

.011742 

.431711 

Toyota 

3.  Corona  redesigned 
passive  belt 
manual  lap  belt 
of  system 

NEW 

1176 

.14712 

.11067 

2130.2 

2671.2 

2008.4 

2009.4 

2.568 

2.604 

.005114 

.004607 

Toyota 

4.  Corona  redesigned 
passive  beltJ 
automatic  shoulder 
belt  of  system 

NEW 

1176 

Qmbioed 

.10726 

.01584 

.15758 

3317 .1 

34873 

3357.6 

2008.4 

2009.4 

2008.4 

4.247 

3.758 

3.628 

.000000  63 
.600000  005 
.000143 

5.  “Rabbit  manual  belt 
Weakest  Component  falls 
Seatbelt  system 

new 

1176 

.2 6829 
.23151 

2806.2 

2582.2 

1258.7 

1258.7 

2.788 

3.104 

.001404 

.000155 

6.  “Rabbit  passive  belt 
Weakest  component  hits 
Seatbelt  system 

NEW 

1176 

.26714 

.23417 

2834.6 

2518.2 

I258J 

1258.7 

3.030 

2.751 

.001223 

.001584 

7.  Rabbi t redesigned 
passive  belt 
Weakest  component  Fails 
Seatbelt  system 

NEW 

1176 

Combined 

.21 148 
.21417 
.24142 

3315.3 

3404.6 

3453.7 

1258.7 

1258.7 

1258.7 

4.414 

4.621 

4.191 

.000003  50 
.000001  84 
.000014  5 

8.  Chevette  manual 
/passive  belts 
Weakest  component  fai  Is 
Seatbelt  system 

NEW 

1176 

. 15011 
.11170 

2803.4 

2643.1 

1565.2 

1565.2 

3.88/ 

4.370 

.000052  0 
. 000006  21 

% Chevette  redesigned 

manual/vassive  belts 

Weakest  component  fails 
seatbelt  system 

NEW 

lJ76 

.18363 

.11857 

3735.4 

2626.0 

1565.2 

1565.2 

4.737 

4.363 

.000001  01 
.000006  42 

Note:  passive  - automatic  seatbelt  design 
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TABLE  5.15 


Assembly  of  Seatbelt  Reliability  for  Selected  Cases 


<?..s.£w;3 
z-n-vi  j.,  i*. 
NHTSA  SsatlmlB 


Seatbelt  System 

/•Reliability  equation 

I3*  of 

olass  * 
Seatbelts 

Probabilities  of  failure. 

Seatbelt 

reliability 
In  a 27/fmph 
frontal 

R 

load-strength 

retractor 

first 

^system 

■p  .. 
's'J 

Second 

subsys&si 

Of  *g?) 

• p . . 
rSi*l  J 

initial 

Service 

date. 

years 

i 

1.  Corona  manual  seatbelt  pre-77 

NS.  Ml 

me 

0 

5 

.005054 

J13727 

.011 742 
.431717 

.005355 

.005355 

.7747 

.7840 

H- 

2.  Corona  passive  (shoulder beltoidv) 

NEW 

me 

coteaud 

0 

5 

A 

.600000  63 

.corn  us 
.000143 

- 

.005355 

.005355 

005355 

.7744 

.7744 

.7745 

K’O-iltiXi-rj) 

Note:  motor  anC attachment  to  motor 

assumed  not  to  reduce  rebakility 

3.  Corona  -passive(uith  lap  belt  secure) 

N& 

cotLui 

l%7C 

cemhirl 

0‘  A 
5-  A 

.005114 

.004(07 

.000143 

.000143 

.005355 

.005355 

.7777  42 
.7777  45 

0:?3iPS4iX<->5/)fl-'ki5X'-54iPj 

Note:  motor  aid  attach  mmt  to  mown 
assumed  not  to  reduce  rmhakility 

4.  “Rabbit  manual  seatbelt 

NEW 

me 

0 

5 

.001404 

.000755 

.007044 

.007044 

.7875 

.7700 

5.  ‘ Rabbit  passive  seatbelt 
n-O-r.fjXi-tt) 

NEW 
If 1C 

0 

5 

.001223 

.001524 

.007044 

.007044 

.727  7 
.7274 

4.  Rabbit  redesigned  passive  seatbelt 

NBU 

I17C, 

(aaUed 

0 

5 

A 

.00000350 

.00000124 
.000014  5 

- 

.007044 

.007044 

J007044 

.7707 

.7707 

.7707 

**0-n7i  X'-n) 

1.  Chevjette  manual/pass  We  seatbelts 

NEW 

me 

0 

5 

jmszo 
.000004  21 

- 

.002747 

.002747 

.7772 

.7772 

R*  Cl-'Pst/l-'Pd) 

Note:  Fir  passive  systems,  shoulder  o/eb 
and  atTadt  merits  assumed  ndt 
to  reduce  or  add  to  reha  hi  /« ty 

2.  Chevetts.  redesigned  m/P  seatbelts 

NEW 

1774 

0 

5 

.000001  Of 
.00000442 

— 

.002747 

.002747 

.7772 

.7772 

K-O-fy-Xi-'Pd) 

Note : far  passive  systems  shoulder  web 
and  attachments  assumed  AWT" 

To  reduce  or  increase  reliability 

Notes:  I.  "A"  indicates  average,  of-  all  data  with  age  and  usage,  not  modeled 
2.  passive  =■  automatic,  seatbelt  design 
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TABLE  5.16-1 


Proportions  Among  Results  From  Hardware  Identification  Program 
Los  Angeles  Metropolitan  Area 


description  of  Outcome. 

Toyota 

Corona 

vw 

’ Rabbit 

Chevette 

All 

Vehicles 

Total  Number  Identified  {R.L.Rolk) 

1498 

7 02 

213 

2413 

/ no  telephone  1:sted,\ 
Nonresponse  ( Sold  or  no  contact  ) 
• as  %>  of  total  identified 

1221 

82% 

533 

83% 

IS  3 
SC  % 

1995 

83% 

“Response. 

269 

119 

30 

415 

5&atbelts  net  used  often 
B as  % of  respond  ants 

50 

nX 

9 

3% 

7 

23% 

66 

1C  7. 

Seatbelts  used  often  {'Users) 

zn 

no 

23 

352 

Users  la/iFli  D 0 problems 
B a s % of  all  users 

144 

CC% 

i\ 

csy 

16 

70  Z 

231 

ccZ 

Users  with  -problems 
B as  % of  all  users  w 

C Cor*  pi  ai*T  rate) 

75 

34 1 

39 

357s 

7 

307. 

121 

347 

Users  with  Reliability  problems 

II 

sr 

6 

57. 

1 

47. 

18 

57. 

( failure  rate) 

' Readiness  problems  only 
Reliability  problems  only 
3oth  types  of  problems 

64 

5 

6 

33 

5 

I 

6 

0 

1 

103 

10 

8 

m^’ Problems  as  % of  total  identified 
(pool  for  seatbelt  selection) 

sy 

cX 

3% 

5Z 
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TABLE  5.16-2 


Proportions  Among  Results  From  Hardware  Identification  Program 

Phoenix  Metropolitan  Area 


I3escri  pt  lo  n of  Outcome. 

~]oyot» 

Corona 

VVJ 

Rabbit 

Chevette 

A 17 

Vehicles 

Total  Number  Identified  (R.L.Rolk) 

311 

223 

86 

IOC 

/ no  telephone  listed  A 

58 

507 

Nonresponse  ( sold  or  no  contact  ) 

293 

156 

0 as  % of  Total  identified 

74  Z 

107. 

611 

7 27. 

'Response. 

104 

Cl 

28 

1 JJ 

Seatbelts  net  used  often 

1 9 

8 

5 

32 

• as  % of  respond  ants 

18% 

12% 

18% 

\C% 

Seatbelts  useA  often  {'Users) 

85 

59 

23 

1C7 

Users  with  DO  problems 

SI 

2C 

10 

81 

0 as  % of  all  users 

co% 

44% 

43% 

52% 

Users  with  ^problems 

34 

33 

13 

SO 

# as  % of 'all  users  , 

40 % 

56  % 

51% 

48% 

tConnpl  alrtT  rate) 

Users  with  Reliability  problems 

4 

£ 

c 

1C 

rn  **  9C  4 Till  user*  

5% 

/o% 

d(a  % 

10% 

(failure  rate) 

Readiness  problems  only 

30 

27 

1 

C4 

Reliability  problems  only 

2 

•a. 

*-✓ 

2 

1 

3oth  types  of  problems 

2 

3 

4 

9 

mm^Pro blems  as  % of  total  identified 

15  Z 

15 % 

11% 

(pool  for  seatbelt  selection) 
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TABLE  5.16-3 


Proportions  Among  Results  From  Hardware  Identification  Program 

Denver  Metropolitan  Area 


description  of  Outcome. 

Toyota 

Corona 

VI*/ 

'Rabbit 

Chevettd 

All 

Vehicles 

Ictal  Number  Identified  (ft.L.'Polk) 

3 84 

338 

165 

88J 

/ no  telephone  listed, \ 
Nonresponse  ( Sold  or  no  contact  ) 
0 £S  To  of  Total  identified 

211 

55% 

2 37 
70% 

91 

577. 

545 

£17. 

'Response. 

175 

101 

£3 

344 

5&atbelts  not  used  often 
0 as  % of  respondents 

28 

l£% 

II 

11% 

13 

m 

52 

15 % 

Seatbelts  used  often  (Users) 

147 

JO 

55 

292 

Users  with  Y)0 problems 
0 as  % of  all  users 

92 

£2°/. 

51 

57% 

25 
45  Vo 

168 

587. 

Users  with  ^problems 
0 as  % of ' all  users  

£ Complaint  rate) 

55 

37% 

39 

437. 

30 

557. 

124 
42 7. 

Users  with  'Reliability  problems 
(failure  rate) 

11 

7% 

5 

4% 

3 

57. 

19 

77. 

'Readiness  problems  only 
Reliability  problems  only 
£>oth  types  of  problems 

44 

8 

3 

34 

4 

l 

21 

0 

3 

105 

12 

7 

m^^Problems  as  % of  total  identified 
( pool  for  seatbelt  selection) 

147. 

12  7. 

1 87 

14% 
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TABLE  5.16-4 


Proportions  Among  Results  From  Hardware  Identification  Program 

Houston  Metropolitan  Area 


description  of  Outcome 

Toyota 

Corona 

vv*/ 

■Raljbit 

Chevette 

All 

Vehicles 

Total  Number  Identified  (R.L.'Polk) 

1041 

425 

322 

1737 

/ no  telephone  l;steA,\ 

26? 

234 

1165 

Nonresponse  ( sold  or  no  contact  ) 

662 

0 as  X,  of  total  identified 

43% 

43% 

73% 

45% 

‘ ’Response. 

385 

153 

88 

632 

5&atbelts  not  used  often 

101 

2? 

21 

151 

0 as  % of  respondents 

24% 

isx 

241 

24% 

Seatbelts  used  often  (Users) 

284 

130 

£7 

451 

Users  with  DO  problems 

225 

37 

50 

372 

0 as  % of  all  users 

m 

15% 

15/ 

11% 

Users  with  vroblems 

5? 

33 

11 

IQ 9 

0 a s % of  all  users  . ^ 

21% 

25 / 

25% 

23% 

C Com  pi  mlnT  rate  ) 

Users  with  ‘Reliability  problems 

3 

3 

4 

16 

3% 

2 % 

6% 

3 L 

( failure  rate ) 

'Readiness  problems  only 

50 

30 

13 

33 

Reliability  problems  only 

7 

1 

4 

12 

3oth  types  of  problems 

2 

2 

0 

4 

Problems  as  % of  total  identified 

a 

3% 

5% 

a 

( pool  5or  seatbelt  selection) 
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TABLE  5.17 


Summary 

Proportions  Among  Results  From  Hardware  Identification  Program 


description  of  Outcome 

Toyota 

Corona 

VW 

"Rabbit 

Chevette 

An 

Vehicles 

Total  Number  Identified  ('ft.L.'Polk) 

3328 

1C7I 

186 

5805 

/ no  telephone  l;sted,\ 
Nonresponse  ( Sold  or  no  contact  ) 
0 as  X of  Total  identified 

2375 

72% 

55/22* 

1245 
74  7. 
63/85 

572 
7 3 7. 
57/86 

4212 
7 37. 

61/83 

‘Response. 

^33 

446 

214 

1573 

Seatbelts  not  used  often 
0 as  % of-  respcndants 

ns 
21 % 
1C/26 

57 

137. 
8/ 18 

46 

21% 

18/24 

301 

177. 

15/24 

Seatbelts  used  often  (Users) 

735 

387 

16  S 

1272 

Users  i with  HO  problems 
0 as  % of  all  users 

512 

10% 
77/ CO 

245 

637. 

15/44 

101 

607. 

15/43 

858 
66  7. 

17/52 

Users  with  problems 
0 as  % of  ‘ all  users  x ^ 

C.  Compl  amT  rate) 

223 

30% 

21/40 

144 

377. 

25/  5C 

67 
4o  7. 

25/57 

434 

347. 

23/48 

Users  with  'Reliability  problems 
C failure  rate) 

35 

57. 

3/7 

20 

5% 

2/io 

14 
3 7. 
4/26 

67 

57. 

3/10 

"Readiness  problems  only 
Reliability  problems  only 
3otb  types  of  problems 

138 

22 

13 

124 

13 

7 

53 

6 

3 

365 

41 

28 

""^Problems  as  % of  total  identified 
( pool  for  seatbelt  selection) 

11 

5/14 

77. 

6/is 

7% 

5/18 

77. 

5/14 

+ Typically,  55/82  represents  the  lowest  and  highest  percentages, 
respectively ) taken  from  the  four  metropolitan  areas  studied. 
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TABLE  5.18 


Comparison  of  Manual  and  Automatic 
VW  Rabbit  Seatbelts  for 

Proportions  Among  Results  from  Hardware  Identification  Program 


manual  seatbelts 

automatic  seatbelts 

73/76 

model 

years 

7? 

menial 

year 

au 

years 

75/76 

model 

years 

79 

model 

year 

An 

model 

years 

IS  7 

92 

279 

responses 

71 

96 

167 

61% 

106% 

as  a percentage 
of  ali  responses 

43-/ 

51% 

100% 

28 

19 

47 

non  users 

3 

5 

10 

15% 

21 % 

17% 

£/23* 

as  a percentage 
of  responses 

7 % 

5% 

6% 

o/j 

159 

73 

232 

Seatbelt 

users 

66 

91 

157 

69% 

31% 

160% 

as  a percentage 
of  all  users 

42% 

58% 

100 % 

73 

29 

IOZ 

Oomplaints 

14 

28 

42 

46% 

40  X 

44% 

22/63 

as  a percentage 
or  users 

21  % 

31 % 

27 % 
20/29 

14 

z 

16 

Failures 

1 

3 

4 

S.8% 

2.1% 

6.9% 

3/12 

as  a percentage 
of  users 

1.5 % 

3.3% 

2.5% 

0/6 

* lyplc»lly/  6/28  represents  the  lowest  and  highest  percentages, 
respectively , taken  from  the  four  metropolitan  areas  studied. 
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6.0 


RECOMMENDATIONS 


As  a result  of  the  research  reflected  in  this  program,  FAA  recommends 
the  following  four  studies  to  further  understanding  of  automatic 
restraint  reliability. 

1.  Available  vehicle  accident  data  bases  should  be  studied  to 
determine  role  of  seat  belts  among  other  contributors  to  death 
and  injury  in  motor  vehicles  as  a function  of  accident 
environment  and  to  define  accident  environments.  This  is 
currently  done  in  part  in  National  Accident  Severity  Studies, 
but  it  requires  further  detailed  analysis,  including: 

• Assess  code  systems  for  State  motor  vehicle  accident  data 
bases,  NEISS,  FARS,  and  other  collision  performance  data 
bases  of  HSRI,  HSRC,  and  NHTSA. 

• Analysis  of  the  data  bases  to  count  injuries  and  fatalities 
of  seat  belt  users  and  assess  failure  modes  and  accident 
envi ronments 

• Analysis  of  the  data  bases  to  count  total  accident 
involvement  of  seat  belt  users  for  correspondi ng  accident 
circumstances  and  define  distribution  of  environments 

• Compute  and  rank  injury  and  fatality  rates  for  seat  belt 
failure  and  other  contributors,  if  this  detail  can  be 
obtained 

2.  Engineering  studies  are  needed  to  determine  restraint  system 
environment  response  to  selected  accidents  and  assess  restraint 
component  mechanics  and  design  alternatives.  This  may  require, 
amongst  other  things: 
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The  NHTSA  to  obtain  drawings,  specifications,  stress 
reports,  test  data,  field  test  data  on  seat  belts  and 
associated  vehicle  structure  from  manufacturers 

• Conducting  formal  survey  and  field  inspections  on  seat  belt 
usage  and  condition  to  determine  usage  rates  of  seat  belts, 
problem  rates,  failure  rates,  and  user  experience  and  to 
obtain  sample  used  seat  belts  for  testing 

• Testing  restraint  systems  with  anthropomorphic  dummies  on 
test  track  sled  systems  to  measure  occupant  and  seat  belt 
component  loads  and  displacements  in  response  to  given 
accident  and  vehicle  energy  absorption  conditions 

• Obtaining  available  and  additional  data  on  vehicle  energy 
absorption  and  restraint  system  loads  and  deceleration 
response 

Studying  mechanics  of  retractor  catch  systems  to  assess 
engagement  stability  with  acceleration  rates  and  possible 
design  improvements  including  i nspectabi 1 i ty  for  maintenance 
and  replacement 

• Evaluating  restraint  system,  occupant,  cab  interior,  and 
associated  vehicle  structure  as  a system  to  determine 
alternative  changes  that  could  affect  occupant  safety  in 
respect  to  restraint  reliability,  and  ease  of  inspection, 
maintenance  and  replacement 

• Conducting  additional  laboratory  strength  tests  as  needed  on 
seat  belts  and  selected  components 

3.  Economic  studies  are  needed  to  determine  consequent  losses  from 

seat  belt  failure,  its  importance  relative  to  other  causes  of 
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vehicle  accident  loss,  and  the  total  cost  of  developing  improved 
seat  belts  to  reduce  losses.  This  will  probably  require 

examination  of: 

Hospital  records,  dealership  records,  court  records,  and 
other  sources  to  assess  dollar  losses  from  lost  work  time, 
hospital,  litigation,  investigation,  property  loss,  vehicle 
repair  in  vehicle  accidents,  injuries,  and  deaths  with  and 
without  seat  belt  failure 

• Manufacturer  records,  dealership  records,  and  other  sources 
to  assess  total  costs  of  seat  belt  requirement  upgrades. 
Costs  should  include  lead  time  investment  and  interest  costs 
and  consequences  of  scarce  talent  redirection 

• Other  motor  vehicle  safety  factors,  including  highway 

environment,  traffic,  vehicle  design,  state  inspection 
requi rements,  auto  mechanics  training  and  licensing  to 

obtain  some  ranking  of  factors  by  cost  per  death  or  injury 

forestal 1 ed 

4.  Finally  a study  to  optimize  regulatory  action  might  produce 
tremendous  cost  savings  in  final  regulation.  This  effort  would 
requi re: 

• Combining  results  of  preceding  tasks  to  compute  current  risk 
= cost  times  probability  of  loss 

• Using  results  to  compute  effect  of  changes  in  seat  belt 
performance  requirements 

• Computing  benefit  minus  cost  as  a function  of  change  in 
restraint  system  performance  requirements  and  assess  optimum 
change  within  limits  of  analysis  validity  - assess  validity 
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Comparing  benefit  minus  cost  payoff  for  restraint  system 
recommended  requirements  with  estimated  payoff  that  might  be 
possible  with  NHTSA  action  on  other  factors 
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